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OBSERVATIONS ON PAROXYSMS OF 
TACHYCARDIA * 


H. M. MARVIN, M.D., ann PAUL D. WHITE, M.D. 
BOSTON 


1. The Frequency of Paroxysms of Auricular Fibrillation —The 
widespread use of instruments of precision in the diagnosis of cardiac 
arrhythmias during the past few years, and the resulting improvement 
in diagnosis, have demonstrated that paroxysmal auricular fibrillation 
is by no means a rare clinical condition. That it is encountered in a 
certain variable proportion of hospital patients has been pointed out by 
a number of observers, most of whom have expressed their belief that 
the condition occurred more commonly than was recognized, but the 
highest percentage of cases yet recorded is that of Levine,’ who found 
that 14.1 per cent. of his group of patients with auricular fibrillation 

.d shown at some time the transient form. This author includes in 
his series four patients who showed auricular fibrillation only during 
the transitional stage between auricular flutter and normal rhythm; if 
these be excluded, his percentage becomes 10.9, which still remains the 
largest published figure. 

In sharp contrast to this comparatively infrequent occurrence, it is 
our experience that paroxysmal auricular fibrillation is found in private 
practice with almost the same frequency as the permanent form, and 
about as often as paroxysmal auricular tachycardia. In a recent series 
of 250 cases with cardiac symptoms or with signs of heart disease 

consultation case of one of us), there were fifteen cases of paroxysmal 
wuricular tachycardia, seventeen cases of paroxysmal auricular fibrilla- 
tion, eighteen cases of permanent auricular fibrillation, and four cases 
of paroxysmal flutter. One of the cases of paroxysmal flutter showed 
also on occasion the coarse type of paroxysmal fibrillation, and is 
included in both groups.* The total number of patients with auricular 


*From the Cardiographic Laboratory, Massachusetts General Hospital. 

1. Levine, S. A.: Auricular Fibrillation: Some Clinical Considerations, Am. 
I. M. Se. 154:43, 1917. 

2. It seems highly probable that paroxysms of flutter and of fibrillation may 

ur in the same patient at different times more commonly than reports 
would indicate. Theoretically, such variations might be expected, in view of 
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fibrillation in this group is thirty-five, and seventeen of these, or 49 
per cent., showed the transient form.‘ 

Eleven of the seventeen patients with paroxysmal auricular fibrilla- 
tion were more than 50 years of age (eight were past 60 years). The 
age incidence in this series is thus in general accord with the observa- 
tions of Levine,’ Heard and Colwell,* Fox® and Robinson.’ Krumb- 
haar * reported six cases, the patients aged 53, 38, 40, 18, 33 and 35 
years, respectively. Our two youngest patients were aged 22 and 27 
years, respectively ; the etiology of their paroxysms is not clear. Both 
showed cardiac enlargement on roentgen-ray examination. In contrast 
to the age incidence of this group of cases, we find that more than two 
thirds of the patients with paroxysmal auricular tachycardia (eleven 
out of fifteen) were under 50. 

The common types of heart disease in which we have seen the 
paroxysmal or transient form of auricular fibrillation are the same as 
those in which the permanent form of arrhythmia is commonly seen. 
They are most frequently arteriosclerotic (ten of seventeen) ; less often 
rheumatic (three of seventeen) and thyroid (two of seventeen). A 
recent article by Smith® has emphasized this close correspondence 
Rarely, this paroxysmai type of fibrillation may be found during the 
course of acute pericarditis; we have seen three such cases (only one 
included in the present group of 250 cases) and Krumbhaar has reported 
one case. Severe acute infections (particularly pneumonia), hyper 


the ready transitions from flutter to fibrillation after digitalis, and from fibril 
lation to flutter after quinidin. The recent work of Lewis and his associates 
which has demonstrated the common origin of the two conditions in a circu 
movement in the auricle, lends further support to the belief that one patient 
may exhibit both mechanisms. 

3. Lewis, T.: Observations on Flutter and Fibrillation: Part 2, The Natur: 
of Auricular Flutter, Heart 7:191, 1920. Observations on Flutter and Fibri! 
lation: Part 9, The Nature of Auricular Fibrillation as It Occurs in Patients 
Heart 8:193, 1921. 

4. It is to be remembered that this figure represents the incidence of tra: 
sient auricular fibrillation among patients seen in a consulting practi 
where opportunity has been afforded of seeing them earlier in disease than i 
the usual hospital practice. It is not, therefore, to be compared with previou 
reports based on hospital records of patients who presented themselves, as 
tule, only when forced to do so by a failing heart. Perhaps in general privat 
practice the ratio of paroxysmal to permanent auricular fibrillation would | 
found even greater. 

5. Heard, J. D., and Colwell, A. H.: Transient Auricular Fibrillation, Pe: 
M. J. 24:59 (Nov.) 1920. 

6. Fox, G. H.: The Clinical Significance of Transitory Delirium Cord 
Am. J. M. Sc. 140:815, 1910. 

7. Robinson, G. C.: Paroxysmal Auricular Fibrillation, Arch. Int. Med 
13:298 (Feb.) 1914. 

8. Krumbhaar, E. B.: Transient Auricular Fibrillation, Arch. Int. Me 
18:263 (Aug.) 1916. 

9. Smith, F. M.: Clinical Observations on Paroxysmal Auricular Fibril! 
tions and Flutter, Am. J. M. Sc. 162:13, 1921. 











MARVIN-WHITE—TACHYCARDIA 405 


thyroidism and digitalis in large doses, may be responsible for the onset 
of the new mechanism. It seems highly improbable that nervous stimu- 
lation alone may be responsible for the clinical condition; no clear-cut 
case is on record, although three of our cases were somewhat suggestive 
when first seen." In our experience, and in the present series, perma- 
nent damage or severe toxicity have been the basis for paroxysms of 
auricular fibrillation. 

The one patient mentioned above who showed at various times 
paroxysms of auricular flutter and of coarse auricular fibrillation has 
been under observation for a period of seven years, during which time 
she has been followed carefully by clinical, roentgen-ray and electro- 
cardiographic observations. One of her electrocardiograms has been 
published. This patient has shown no important symptoms at any 
time except during the attacks, she has no murmurs that can be dis- 
tinguished, and she has worked as a nurse for six years with only 
four days off duty because of her cardiac condition in spite of very 
frequent paroxysms. She is now in good health. A cervical rib was 
removed from the right side of the neck in 1915 and was followed by 
onsiderable improvement. A teleroentgenogram of the heart in 1915 
showed considerable enlargement ; a similar plate taken six years later 
showed the same degree of enlargement, in the same chambers, notwith- 
standing frequent paroxysms of tachycardia in the interval." 

2. The Diagnosis of Paroxysmal Tachycardia of Ventricular Origin. 

Within the past few years there has been considerable interest 
manifested in the subject of paroxysmal tachycardia due to ectopic 
impulses arising in the ventricular tissue. Although a number of 
reports of such instances have been published, Robinson and Herr- 
mann in a recent review were able to find only six undoubted 
instances, and six which were probable, in which the pacemaker 
responsible for the new rhythm lay in the ventricles. These authors 
have called attention to the necessity of obtaining electrocardiograms, 


10. Nervous stimulation may be and often is, of course, the exciting factor 
producing paroxysimal auricular fibrillation in a diseased heart. 

11. White, P. D., and Stevens, H. W.: Ventricular Response to Auricular 
Premature Beats and to Auricular Flutter (Fig. 5), Arch. Int. Med. 18:712 
Nov.) 1916. 

12. Another patient who has shown paroxysmal auricular tachycardia very 
irequently between 1914 and 1921 has not been incapacitated at all, and is in 
good health at the present time. He also shows cardiac enlargement of 
inknown cause. He has been reported as an unusual case of paroxysmal 
1uricular tachycardia,” an exception to the general rule of an absolutely 
abrupt onset and offset of the attack, but nevertheless an undoubted instance 
f paroxysmal auricular tachycardia, possibly of nomotopic type. 

13. White, P. D.: Clinical Observations on Unusual Mechanisms of the 
\uricular Pacemaker, Arch. Int. Med. 25:420 (April) 1920. 

14. Robinson, G. C., and Herrmann, G. R.: Paroxysmal Tachycardia of Ven- 
tricular Origin and Its Relation to Coronary Occlusion, Heart 8:59, 1921. 
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and have included in their list only those cases from which such curves 
have been published. In order that the diagnosis may be established 
beyond question, they direct attention to the following requirements : 


(1) The electrocardiogram must give definite indications that the cardiac 
impulses producing the high ventricular rate are arising in the ventricles, and 
this can be shown most clearly when a succession of auricular impulses can 
be made out, occurring independently of, and at a slower rate than, the com- 
plexes of ventricular origin. (2) The ventricular complexes must be abnor- 
mal in form. (3) The presence of isolated ectopic ventricular beats between 
paroxysms is in favor of the tachycardia being of ventricular origin, especially 
if the ectopic beats and those composing the paroxysms are of similar form 


To the six cases previously reported, Robinson and Herrmann have 
added four, bringing the total number of undoubted cases to ten. It 
has seemed to us worth while to report a further instance of this com- 
paratively rare type of tachycardia, partly to increase the number of 
recorded cases, but chiefly to call attention to the possibility of error 
in making the diagnosis, even with electrocardiograms, unless control 
records have been obtained from the patient between paroxysms 
Under a certain condition, which we shall illustrate, it is possible to 
obtain records of auricular paroxysms which reSemble closely those of 
ventricular origin. 

The patient from whom the electrocardiograms shown in Figures 
1, 2, 3 and 4 were obtained was a young woman, aged 21, whose past 
history was uneventful, except for the occurrence of diphtheria and 
pneumonia in early childhood and occasional mild attacks of tonsillitis 
during several successive winters. There had been no symptoms of 
cardiac disease whatever preceding the onset of the paroxysms of 
tachycardia; the patient had been attending business school for two 
years and had taken daily walks of several miles for exercise. Her 
first paroxysm occurred six weeks prior to her entry to the hospital, 
as she was stooping to pick something from the floor. It lasted for 
approximately two minutes, during which time she felt dizzy, her head 
seemed “hot and swollen,” and she was conscious of the tachycardia 
The attack ended as suddenly as it had begun, but a second one occurred 
two hours later and lasted for approximately fifteen minutes. During 
this second attack her symptoms were as before, but in addition there 
was marked shortness of breath, which was a feature of all subsequent 
attacks. After the first day there was a period of freedom for about 
two months, when the attacks recommenced, and it was during this sec- 
ond period of paroxysms that the following records were obtained. 

Figure 1 is an electrocardiogram obtained April 7. Leads I, IT and 
III are shown, and the only abnormality in the curves is a single 
premature beat arising in the ventricle, which is recorded in Lead II 
April 21, we were fortunate in securing the onset of one of her numer- 
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ous paroxysms (Fig. 2). The plate shows three strips of Lead II, 
and satisfies in itself all the requirements mentioned by Robinson and 
Herrmann for the diagnosis. Isolated ectopic beats of ventricular origin 
are seen in A and B, and these are similar in form to the beats which 
compose the succeeding paroxysm. The ventricular complexes are high'y 
abnormal in form. Finally, auricular complexes occur in B after every 
second ventricular beat, the rate of the ventricles being 262.5 per minute 
and that of the auricles one half this rate. Similar curves, in which the 
auricles beat at exactly half the rate of the ventricles, P waves appear 
ing at corresponding points on every second ventricular complex, have 








Fig. 1—Electrocardiogram of M. R. Leads I, II and III. Normal com 
plexes throughout except for one ventricular premature beat in Lead Ii. (In 
this and all succeeding electrocardiograms, distances between ordinates repre- 


I 


sent 0.2 second, distances between abscissae 10° volts.) 


been published by Hart,’* and more recently by Robinson and Herr 
mann ** (their Figs. 9, 11 and 13). There is a close resemblance between 
Hart’s Figure 4 and our Figure 2, except that the R waves in our 
illustration show notching at the tip and the P waves are more promi- 
nent than in Hart’s case. It is to be noted that during the brief part of 
the paroxysm shown in B the rate is not absolutely regular, nor are the 
complexes precisely alike. The time intervals, as measured from peak 


15. Hart, T. S.: Paroxysmal Tachycardia, Heart 4:128, 1912 
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to peak of the R waves in seconds are as follows: 0.257, 0.198, 0.212, 
0.237, 0.243, 0.243, 0.243, 0.253, 0.245, 0.248. The variation in rate, 
as shown by these intervals, is largely confined to those beats which 
initiate the new rhythm; from the fourth beat onward the greatest 
variation from cycle to cycle is 0.010 second. Thus the rate for the 
entire stretch of the paroxysm is 262.5, but the rate for the last eight 
heats is 250. The difference in form of the complexes is apparently 
of a progressive nature; the second and third beats, for instance, are 
practically free from notching or slurring of the ventricular complex, 
the succeeding five beats show very definite slurring of the upstroke 
of R and notching of the beginning of the downstroke, while the last 





Fig. 3.—Electrocardiogram of M. R. Leads I, II and III, taken during a 
aroxysm of tachycardia of ventricular origin, in which the rate is 209 in Leads 
and III, and 225 in Lead II. 


three recorded complexes apparently foreshadow the final form which 
s to be assumed, in which a heavy slurring of the upstroke and a 
slighter degree of slurring of the downstroke of R appear as the promi- 
nent features. 

The lower part of the figure, marked C, was taken within a few 
seconds after B and shows the form of ventricular complex which 
haracterized the second lead in all subsequent electrocardiograms. It 
vill be noted hat the P waves, which appeared so prominently after 
every second ventricular complex in B, have now almost disappeared. 
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The last feature of the ventricular paroxysms to which attention 
should be directed is shown in Figures 2 and 3, and consists of the 
change of rate between the early and later parts of the paroxysm. 
Thus in Figure 2 the rate in B is 250 or 262.5, according as we include 
or exclude the first three beats, while in C, taken a few seconds later, 
the rate is on!y 220. Similarly, in Figure 3, the rate in Lead II is 225 
per minute, while in Leads I and III the rate is from 209 to 211. These 


two figures are from different paroxysms on the same day. 





Fig. 5.—Electrocardiogram of L. K. Leads I, II and III. Taken during a 
paroxysm of tachycardia, in which the rate was 190 per minute. Note the 
general resemblance between Leads I and II of this figure and Leads II and I, 
respectively, of Figure 3. 


The same patient showed also unusual paroxysms of auricular 
origin. A plate taken just after that reproduced in Figure 2 and just 
before that in Figure 3 recorded two such paroxysms, only one of which 
is here shawn (Fig. 4). This curve is from Lead IT, and shows in its 


early part complexes of normal form, with a rate of 75 per minute 








412 ARCHIVES OF INTERNAL. MEDICINE 





In the middle of the curve are seen two exactly similar premature beats 
arising in the ventricle. Immediately following the second of these 
premature beats there occurs a short paroxysm of tachycardia consisting 
of five beats, in which the normal sequence of chamber contraction is 














Fig. 6.—Electrocardiogram of L. K. Lead I, taken with plate traveling 
slowly. Same paroxysm as that shown in preceding figure. 





Fig. 7—Electrocardiogram (Leads I, II and III) of L. K.. showing normal 
rhythm, the ventricular complexes of which are typical of those associated with 
defective conduction along the right branch of the A-V bundle. Rate, 100 per 
minute. Ventricular complexes are similar to those in Figure 5. 


maintained.** The rate is 125 per minute. After the conclusion of 
the paroxysm, the rate falls at once to its original level. 

This case, then, is one in which there have been recorded at different 
times isolated ectopic beats of ventricular origin, paroxysms of tachy- 
cardia of ventricular origin, and paroxysms of tachycardia in which 


16. The P wave of the paroxysm is slightly higher than the normal P. 
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the pacemaker lay in the auricles. In at least one instance, the rate for 
the first few beats of the ventricular paroxysms was higher than the 
rate subsequently maintained. In the only instance where the onset 
of the new rhythm was recorded, there was a slight, progressive change 
in the form of the first eight ventricular complexes. 

By way of contrast to the above example of paroxysms of tachy- 
cardia arising in the ventricle, is an electrocardiogram (Fig. 5) from 
another case which at first sight appears also to be of ventricular origin 
Leads I and II of this figure, for example, are quite similar in form 
to Leads II and I, respectively, of Figure 3. (Corresponding leads 
cannot be compared because of obvious gross differences.)'' The 
general outline of each complex is that of an ectopic beat arising in 
the ventricle. This appearance is even more striking in Figure 6, which 
is from Lead I of the same patient, taken with the plate traveling at a 
slower rate. 

That this paroxysm does not owe its origin to impulses arising in 
the ventricle, however, is made apparent at once by inspection of 





Fig. 8—Electrocardiogram of L. K. Lead I. The end of a paroxysm is 
recorded. Note that the first, second and fourth ventricular beats after the 
end of the tachycardia are in response to impulses from the normal supra- 
ventricular focus, yet are similar in all details to the beats composing th« 
paroxysm. 


Figure 7, which was obtained about five minutes after Figure 6, and 
shows the normal rhythm. The three leads are given, and a comparison 
of this curve with that in Figure 5 shows that the ventricular complexes 
in both are similar in all three leads and we know them to be of supra- 
ventricular origin because in Figure 7 each ventricular beat is preceded 
by an auricular wave. This electrocardiogram is of the type associated 
with defective conduction along the right branch of the A-V bundle 
Further proof of the auricular origin of the paroxysm is obtained 
from Figure 8, in which the termination of a paroxysm is shown. The 
first, second and fourth beats after the end of the tachycardia are 
preceded by waves due to auricular activity, and are clearly to be 


17. As a matter of fact these very differences would help to differentiate 
e two conditions, Figure 5 being much more likely an example of intraver 
tricular block. 


th 
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considered as ventricular responses to impulses from the auricles, yet 
these ventricular responses are in all respects similar to the beats 
composing the paroxysm. 

It would be impossible to assert with confidence that the paroxysmal 
tachycardia shown in Figure 5 is of auricular origin without the further 
knowledge obtained from other records. From the standpoint of 
accurate diagnosis and a more complete understanding of the electrical 
events in the heart associated with tachycardias of paroxysmal nature, 
it is important to make this differentiation. 





Fig. 9.—Electrocardiogram of E. J. H. Leads I, II and III. Paroxysmal 
auricular tachycardia. An ectopic beat arising in the ventricle is shown in 
Lead II]. Note that it does not disturb the dominant rhythm. 


Lewis ** has called attention to the possibility of sudden interference 
with conduction in one branch of the A-V bundle during the period of 
rapid heart action, and has published a record illustrating aberration only 
during the paroxysm. Such curves, of course, are similar to those 
obtained from patients with pre-existing bundle branch block, for the 
mechanism of their production is exactly alike. Lewis concludes that 
“in the human subject, paroxysms presenting anomalous ventricular 


18. Lewis. T Mechanism and Graphic Registration of the Heart Beat 
New York, R. Hoeber, 1921, p. 259 
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complexes may be produced in one of two ways; these paroxysms either 
arise in the ventricle itself, or, arising in the auricle, the excitation 
wave pursues an abnormal ventricular course.” This abnormal ven- 
tricular course may be due to transient interference with conduction, 
is in his case, or to permanent interference, as in the case reported 
above. Reference has already been made™ to an electrocardiogram 
published by one of us in 1916, which shows the sudden development 
of aberration of the ventricular complexes during a paroxysm of auric- 
ular flutter. 

3. The Occurrence of Ectopic Ventricular Beats in Auricular 
Paroxysmal Tachycardia.—The interruption of paroxysms of auricular 
tachycardia by ectopic beats arising in the ventricle is of rare occur- 
rence; we have been able to find but one published electrocardiogram 
illustrating such an event.’® We have recently seen a case exhibiting 
ectopic beats with such frequency as to make it one of considerable 


nterest. 





Fig. 10.—Electrocardiogram of J. D. S. Paroxysmal auricular tachycardia. 
Rate 200. Alternation in size of the QRS complexes is shown. 


The patient from whom the curve shown in Figure 9 was obtained 
was a laborer, aged 57 years, who had been subject to attacks of 
tachycardia for about three years. The paroxysms occurred usually 
three or four times a day, for from two minutes to several hours. His 
only symptom during the attacks was slight palpitation, which had 
never been of sufficient severity to cause him to stop his work for even 

few minutes. An electrocardiogram taken between attacks showed 
topic ventricular beats similar to those which appeared during the 
ittacks, and indicated also partial A-V heart block (the P-R interval 
neasuring 0.233 seconds) and intraventricular block. 

Figure 9 was taken during an attack in which the heart rate was 
166.6 per minute. It shows one ectopic ventricular beat. Several such 
eats were recorded during the paroxysm. It is to be noted that the 

topic beat does not disturb the rhythm; it occurs almost at the precise 


19. Agassiz, C. D. S.: Paroxysmal Tachycardia Accompanied by the Ven 
ilar Form of Venous Pulse, Heart 3:193, 1912 
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instant when a beat was to be expected, and the beat which follows falls 
at its proper point. In other words, the same features mark a ven- 
tricular premature beat in paroxysmal auricular tachycardia as in the 
normal rhythm arising in the sino-auricular node; in both instances, the 
distance between the complexes embracing the ectopic beat measures 
the same as that between any two rhythmic beats. 

This case is recorded because of the rarity of such published curves 
and because it is of some importance to recognize that the finding of 





Fig. 11.—Electrocardiogram of J. D. S. Normal rhythm from same patient 
whose previous record is shown in Figure 10. 


ventricular premature beats in a case which presents the features of 
auricular paroxysmal tachycardia does not militate against that diag 
nosis. Among the records of more than thirty cases of auricular 
paroxysmal tachycardia in the files of our laboratory, this is the onl) 
instance in which ventricular ectopic beats have been found in th: 
midst of a paroxysm. 

4. Alternation of the R Waves in Paroxysmal Tachycardia.—Alter 
nation in the amplitude of the radial pulse in cases of paroxysmal 
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tachycardia occurs with such frequency that it is no longer regarded 
as unusual or important. Alternation in the height of the R waves in 
this condition, however, is not common, in so far as one may judge by 
published records. There have been many curves showing variation 
in amplitude without alternation, although the vast majority of 
cases exhibit complexes which are precisely alike in size and shape 
over long periods. Lewis has’ placed on record an exce!lent example 
of simultaneous alternation of the R waves of the electrocardiogram 
and the radial pulse, in which the large ventricular complexes corre- 
spond to the small pulse waves.** Hart *° has recorded a striking instance 
of this condition, his curves being obtained from a case of paroxysmal 
tachycardia of ventricular origin.*° 

The electrocardiogram shown in Figure 10 represents Lead II 
The rate is 200 per minute. The patient from whom it was obtained 
was subject to paroxysms of the usual description, and the only feature 
of interest in the curve, other than the alternation, is its close resem 
blance to auricular flutter. A tracing taken after the paroxysm showed 
curves which were normal in all respects ( Fig. 11 showing Leads I, II 
and IIT). 

SUMMARY 

1. Paroxysmal auricular fibrillation is a common type of paroxysms 
of tachycardia, and is seen in practice as frequently as paroxysmal 
auricular tachycardia and permanent auricular fibrillation 

2. Paroxysmal auricular fibrillation is found most frequently in old 
age, the result of cardiosclerosis. It is also found in rheumatic and 
thyroid hearts, in acute pericarditis, severe acute infections, and follow- 
ing digitalis.** 

3. Paroxysms of tachycardia may occur at frequent intervals for 
years without incapacitating the subject and without increasing the 
degree of cardiac damage appreciably. 

4. Paroxysmal tachycardia of ventricular origin is very rare 
Another case is added to the ten undoubted cases already reported 

5. Electrocardiographic study is essential in the accurate diagnosis 
of ventricular paroxysmal tachycardia, and even with electrocardio- 
grams the condition must be differentiated from auricular paroxysmal 
tachycardia with bundle branch block. 

6. Ventricular ectopic beats may occur in auricular paroxysmal 
tachycardia without disturbing the dominant rhythm. 

7. Rarely, alternation of the Q R S complexes of the electrocardio- 
gram may be found in paroxysmal tachycardia. (Alternation of the 


radial pulse in this condition is common. ) 


20. Lewis, T.: Mechanism of the Heart Beat, 1911, p. 274 
21. It also has been reported after other poisons. 
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There are four cardinal points’ in the diagnosis of this interesting 
anomaly: (a) a glycosuria without hyperglycemia; (b) little, if any, 
relationship between the carbohydrate intake and the amount of glucose 
excreted in the urine; (c) the absence of the signs and symptoms 
characteristic of diabetes mellitus, and (d) a long period of observation 
during which the patient shows no tendency to develop diabetes mellitus. 
Joslin lays particular stress on the last criterion, which is the most 
difficult to carry out. A critical review of the literature is made by 
Goto,? Batley, Strouse * and Lewis and Mosenthal.* When preparing 
data connected with the report in 1915, Lewis and Mosenthal found less 
than ten cases which were described in sufficient detail to warrant their 
acceptance as instances of true renal glycosuria, but since that time 
at least nine other cases* have been noted. With the more careful 
observations of the blood sugar this depression of the “leak point” for 
glucose is being recognized with greater frequency. 

* In this paper a further note is recorded on the case reported in 
1915° and studies of two other instances observed in the metabolism 
clinic of the Royal Victoria Hospital are presented in some detail. The 
clinical findings in the first patient may now be said to fulfill all four 
requirements as he has been observed for a period of six years; the 
second and third cases which have been observed for twelve and 
fifteen months, respectively, can be regarded as answering the first 
three tests, but a final decision will not be possible without a further 
period of observation. 

Methods Employed.—Sugar identified as glucose, by fermentation; 
osazone crystals; and synchronous determinations of the amount of 
sugar by polariscopic and copper reduction methods. Urinary sugar: 
Benedict’s standard quantitative methods. Blood sugar: Lewis- 
Benedict method, unless otherwise stated in the text. 


* From the Metabolism Clinic of the Royal Victoria Hospital. 
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REPORT OF CASES 

Case 1—W. P. W. (medical No. 34774), was first studied in September, 
5. On admission to the Johns Hopkins Hospital his urine contained 2.06 
cent. sugar, and the daily output averaged 25 gm., with a blood sugar 
nging from 0.08 to 0.11 per cent. He gave a normal curve following the 
ngestion of 100 gm. glucose. Further studies by Mosenthal, in 1916, con- 
med the findings. In August, 1921, the patient reported that he had con- 
nued in excellent health since his discharge from the hospital. He had 
ned 12 pounds in weight; he had survived a severe “flu” infection, and 
s taking a full and unrestricted diet. His urine still contained about 2 per 
nt. sugar, but he had no thirst, polyuria, or any other symptoms of diabetes 

itus. 


The following data of recent studies on this individual have been 
supplied by Dr. F. M. Hanes of Winston-Salem, N. C., and prove 
hat his condition has shown no essential change. The diagnosis made 
in 1915 has been verified by the subsequent course of the case. 

The functional condition of the kidney has attracted considerable 
ttention in renal glycosuria. Klemperer’ in his first description of 

hat he termed “renal diabetes,” stated that the sugar always dis- 
ppeared from the urine with the onset of a nephritis. On the other 


TABLE 1.—ReEsponst or Bioop SucGar to 132 Gm. GLucosE 


June 8, 1921 Blood Sugar, per Cent Remarks 
Fasting... 0.08 After 24 hours fasting 
First hour. 0.15 
Second hour. ; 0.12 

rd hour.... ‘a 0.10 


rhe rine passed during the twelve hours preceding the test contained 3.5 per cent 
sugar (Benedict). 


hand, Luthje,* Tachau® and Naunyn” suggested a direct causal 
relationship between the nephritis and the glycosuria, and the first 

gave examples of proved renal glycosuria in which the onset 
seemed to be associated with the appearance of a nephritis. Frank" 
has described a glycosuria following the toxic nephritis produced by 
mercury, uranium, chromium and cantharadin, but there has been little 
evidence of severe kidney disease in a majority of the reported cases. 
Bailey * described one case of severe parencltymatous nephritis, with 
a renal glycosuria. The blood sugar was comparatively high, and after 


/> gm. glucose it rose to 0.4 per cent., returning to the fasting level 


Klemperer, G.: Ueber regulatorische Glykosurie und renalen Diabetes, 

Berl. klin. Wehnschr. 33:571, 1896. 

8. Liuthje, H.: Beitrag zur Frage des renalen Diabetes, Miinchen. med. 
Wehnschr. 38:1471, 1901. 

), Tachau, H.: Beitrag zum Studium des Nierendiabetes, Deutsch. Arch. f. 
klin. Med. 104:448, 1911. 

10. Naunyn, B.: Der Diabetes Mellitus, Wien., 1906, p. 136. 
_ Il. Frank, E.: Ueber experimentelle u. klinische Glykosurien renalen 

rsprungs, Arch. f. exper. Path. u. Pharmakol. 72:387, 1913 
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six hours after the meal. This, he states, is a type of curve often see: 
in nondiabetic cases of nephritis. In this patient the sugar output was 
remarkably constant, and there was no sign of a true diabetes 
Mosenthal and Lewis * also report a case of arteriosclerosis and primary 
contracted kidney, in which a glycosuria appeared while under obser- 
vation. This patient excreted 22 per cent. of phthalein in two hours, 
and his blood urea was 0.749 gm. per liter. With a fasting blood sugar 
of 0.10 per cent., the urine contained 0.13 per cent. sugar, and after 
the ingestion of 100 gm. glucose the blood sugar rose to 0.26 per cent 
in 90 minutes, and returned to the fasting level at the end of three hour 


The following cases are examples of this type of renal glycosuria 


Case 2—May 5, 1920, T. C., (metabolism No. 50), Chinese boy, aged |* 
History—About four weeks before admission he had a chill and fey 
He passed very little urine. His legs began to swell, and he had to stop w 
The swelling gradually spread to his trunk, arms and face. No further 
history was obtainable. He was admitted to hospital May 9 and transferr 
to the Metabolism Clinic May 21. 
Physical Examination—Temperature, 98; pulse, 70; respiration, 20 
admission). Patient was an adult Chinese of about stated age. He lay com- 
fortably in bed. There was marked general auasarca; pupils equal and activ: 
teeth in fairly good condition; tonsils not enlarged; tongue coated; no gen- 
eral glandular enlargement; thyroid not enlarged; no signs of hyperthyroidisn 
The chest wall was edematous. There was a bilateral hydrothorax -and many 
moist rales were heard over botm lungs. The heart was regular in rhythm 
and extended 7 cm. to the left of the midline. The sounds were well heard 
There were no murmurs or accentuations. The vessel walls were not thick- 
ened. Blood pressure: 110/65. The abdomen was tense; the walls wer 
edematous; there was a marked ascites; the liver and spleen were not palpable 
The genitalia were much swollen, there was no urethral discharge. The reflexes 
were active. The eyegrounds were normal. 
Urine: Acid; cloudy; specific gravity, 1.026; albumin, 20 gm. per liter 
sugar. Microscopic Examination: Granular, hyalin and fatty casts. W 
blood cells and an occasional red blood cell. 
Tests of Kidney Function—Blood urea, 0.585 gm. per liter; plasma chlor 
5.65 gm. per liter; phthalein tests, 8 per cent. in two hours. 
Blood: Wassermann test negative. Red blood cells, 5,910,000; white b! 
cells, 5,600; hemoglobin, 85 per cent. (Talquist). 
Diagnosis.—Chronic diffuse nephritis; general anasarca. 


Diary.—In view of the severity of the nephritis the patient 
kept in bed on a salt-poor diet, with an average daily carbohyd: 
intake of 125 gm. His condition gradually improved, and he lost 
kilos in weight, but with an increased diet his edema returned 
his general condition became much worse. At this time an estima! 
of the blood proteins showed a globu!in-albumin ratio of 3.61: | 
which is a complete reversal of the usual proportions. In view 
Epstein’s ** reports, the diet was changed September 10, to one with 


12. Mosenthal, H. O., and Lewis, D. S.: The D:N Ratio in Diabetes Me! 
litus, Bull. Johns Hopkins Hosp. 28:187, 1917. 

13. Epstein, A. A.: Oedema in Chronic Nephritis, Am. J. M. Sc. 154:638 
( Nov.) 1917. 
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fat and relatively high protein values. There was little change in 
e water balance, but the total nonprotein nitrogen of the blood 
unted from 40 mg. per hundred c.c. to 89 mg. per hundred c.c. in 
days, and the diet was discontinued soon afterward. Suddenly, 
ptember 22, a glycosuria appeared. The first day the output was 
0 gm.; the next day it was 7.39 gm., and for the succeeding eight 
nths sugar was absent in only five twenty-four-hour specimens, and 
individual specimens of six other days. During this entire period 
output has never exceeded 16.8 gm., and it has been between 5 and 
gm. 151 times in a total of 230 determinations (Table 2), while 
concentration in the urine has been from 0.5 to 0.75 per cent. in two 
every three examinations. In other words, the output and concen- 
tion have shown a high degree of constancy. 


TABLE 2.—RANGE oF CONCENTRATION AND TOTAL EXCRETION 
oF SUGAR IN URINE 


neentrationin Number of Per Cent. of Output in Gm. Number of Per Cent. of 
rine, per Cent. Analyses Total No. per Day Analyses Total No 
Above 0.75 38 16.5 Above 10.0 38 16.5 

1.75 - 0.50 151 65.7 10.0 - 5.0 151 65.7 
elow 0% 41 17.8 Below 5.0 41 17.8 


TABLE 3.—INpEPENDENCE OF CARBOHYDRATE INTAKE AND OUTPUT 


Diet Sugar in Urine 
eS ee sade oedinsin 
Date, 1920 Protein Fat Carbohydrate Per Cent Gm 
41 42 174 0.86 6.45 
49 57 209 0.51 3.82 
39 39 144 0.52 3.74 
2% 21 8&7 0.60 2.7 
46 53 204 0.43 2.7 
46 53 204 0.40 6.68 
46 53 204 D. 6.28 1.12 
° N. 6.00 0.00 
jaee 46 58 204 051 5.71 
onein ‘ 28 » 138 0 65 6.82 
a4 61 135 0.43 3.01 


day specimen; N., night specimen. 


\gain, the total output of glucose seems to be independent of the 
bohydrate intake, the higher rates of excretion often being associated 
the lower diets and vice versa. Table 3 will serve to illustrate 
independence of intake and output. 

Similarly, his excretion varies from 0 to 8.16 gm. during the period 
m November 16 to December 16 with an unchanged diet which 
ntained protein, 50 gm.; fat, 57 gm., and carbohydrate, 234 gm 
hroughout the period of observation the changes in the output are 
tured by their sudden onset and disappearance. In Table 3 the 
put is 6.68 gm. one day, 1.12 gm. the next day, then sugar free for 
lve hours, and on the following day is reestablished at its old level 
71 gm. On the other hand, during any particular day the rate of 
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excretion from hour to hour seems to be very constant. Two hourly 
collections are presented in Table 4, and show a maximum variation 
in concentration of only 0.16 per cent., and an hourly output from 
0.50 to 0.36 gm. 

In September, 1921, he was studied again, and at this time he was 
fasted for three days before becoming sugar free.- On a gradually 
increasing carbohydrate diet traces of sugar reappeared with 30 gm 
carbohydrate given as green vegetables, and a measurable quantity 
(0.18 per cent.), with a diet containing 40 gm. of carbohydrate in the 
form of potato. 

A glucose curve was also carried through with the following results, 
which are quite typical of those seen in nondiabetic cases of nephritis 
There is a relatively slow rise to the maximum (0.241 per cent.), at one 


TABLE 4.—Rate or SuGar Excretion rrom Hour to Hovwr 
March 7, 1921. Diet: Protein, 70 gm.; fat, 81 gm.; carbohydrate, 20 gm 











Time Volume in C.c. Spec. Gr Per Cent Gm Gm. per Ho 
8a.m.-Wa.m _ 116 1.2 0.71 0.82 0.41 
10 a. m 12m 138 1.020 0.63 037 0.43 
12 m 2 p. m. 152 1.@21 0.66 10 0” 
2p. m ‘p.m 142 1.022 0.68 0s 6.49 
‘p.m 6p. m 170 1.0 0.%6 0.95 O47 
6p. m 8p. m 1”) 1.021 0.67 0% O47 
Sp. m 8 a.m : 775 1.019 0.55 4% 0m 
Total 1,633 9.82 


TABLE 5.—Response or Bioop ano Urine to 100 Gu. GLucose 











Urine 
Blood = —-- aa 
rime Sugar* Vol., C.c Sp. Gr Per Cent. Gm Gm. per Hr Remarks 
9:00 a. m _ 9 1.019 0.35 100 gm. glucos 
9:3 a.m 0.08 : in 20 c.c. of 
10:15 a. m 0.208 lemonade at 
10:30 a. m ° s 1.020 0.00 0.48 0.32 9:3 a. n 
11:00 a. m. 0.241 , , eo . os . 
11:3 a. m 0.151 = 1.016 0.91 os os) 
12:30 p. m 0.006 167 1.011 0.32 Os ee | 
2:30 p. m 0.087 2 1.013 0.2 0.40 0.20 





* Folin, O., and Wu, H.** 


and a half hours and the normal level is reached again in three hours 
The specimen of urine passed before the ingestion of glucose showed 
that sugar passed through the kidney with a blood concentration in the 
vicinity of 0.092 per cent. A previous determination had shown 
glycosuria of 0.11 per cent. with a fasting blood sugar of 0.068 per 
cent. ; therefore, no question can be raised as to the extreme depression 
of the renal threshold. 

In the course of ten months during which the glycosuria has been 
observed in hospital, there have been periods during which the patient 


14. Folin, O.. and Wu, H.: A System of Blood Analysis, Suppl. 1. J. B 
Chem. 41:367 (March) 1920. 
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has shown large changes in his body weight. A study of the fluid 
exchange and the rate of sugar excretion has shown no constant 
relation between the total fluid excreted and the amount of sugar in 
the urine. During one period there was a considerable fall in the sugar 
output with a retention of water, while during a subsequent period of 
diuresis the sugar showed no corresponding increase. This independence 
of sugar and fluid output has been noted in a majority of the published 


cases. 


Case 3.—C. M., (metabolism No. 56), aged 74; bookkeeper 

History—This man was admitted on account of a severe attack of scurvy 
occasioned by a deficient diet, the result of his financial straits. The sugar 
was found during the routine analysis of the urine. Subsequent questioning 
failed to reveal any of the usual symptoms or signs of diabetes mellitus. There 
was no thirst; no craving for sweets; no polyuria; no loss of weight. Nothing 
suggesting hyperthyroidism, and beyond a mild eczema of the hands, he had 
been very healthy. The family history was negative as regards metabolic 
disorders. 

Physical Examination—Temperature, 98 F.; pulse, 80; respiration, 20 (on 
admission). A well nourished man; who appears much younger than statéd age 
There is fluid in both knee joints, and the right olecranon bursa is filled with 
blood-stained fluid. There are intramuscular hemorrhages in the thighs and 
calves of both legs. The gums are much cut up where several teeth have 
been extracted recently on-account of “pyorrhea” and are quite spongy around 
the remaining teeth. The pupils react to light and accommodation. The chest 
shows a moderate emphysema and bronchitis. The heart is slightly enlarged, 
there is an extrasystolic arrhythmia, the sounds are well heard, and there is 
a soft apical systolic murmur, poorly transmitted to the axilla. The vessel 
walls are definitely thickened. Blood Pressure: 160/84. The abdomen is 
negative, the genitalia are negative. 

Urine: Acid; specific gravity, 1.021; albumin, faint trace; sugar, 2.5 per 
cent. Acetone and diacetic acid are absent. Microscopic examination shows a 
few leukocytes and occasional hyalin and granular casts. 

Tests of Kidney Function—Blood urea, 0.435 gm. per liter; uric acid, 5 mg 
per hundred c.c.; creatinin, 1.64 mg. per hundred c.c.; plasma chlorid, 6.19 gm 
per liter. The nephritic test diet gives a normal curve, and the phthalein excre- 
tion is 64-per cent. in two hours 

Blood: Erythrocytes, 4,900,000; leukocytes, 7,200; hemoglobin, 90 per cent 
(Talquist). Wassermann test negative 

Diagnosis —(1) Scurvy, (2) arteriosclerosis and arteriosclerotic kidney, (3) 
glycosuria. 


. 

Diary—The scurvy cleared up rapidly with the ordinary anti- 
scorbutic foods, and the glycosuria was then studied. On ordinary diets 
with no limitation of carbohydrate he excreted from 33.2 to 53 gm 
sugar daily, with a fasting blood sugar of 0.115 per cent., and a 
digestion sugar ** of 0.133 per cent. Four days of a low calory diet 
(protein, 43 gm.; fat, 46 gm., carbohydrate, 29 gm.), followed by 
starvation for two days and three days of protein 40 gm., only sufficed 
to reduce the daily sugar excretion to 15.6 gm. The attempt to render 
the urine sugar free was then abandoned. On subsequent days, with a 


15. Blood taken one and one-half hours after food 
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gradually increasing diet, his output ranged from 20 to 57.5 gm. and the 
blood sugar from 0.112 to 0.129 per cent. when fasting, and from 0.121 
to 0.161 per cent., one and half hours after food. In Table 6 a summary 
is presented of the diets, sugar excretion and bloud sugars, fasting and 
digestion, during his first admission. 

This table shows the independence of carbohydrate intake and 
output. The highest excretion being immediately after the starvation 
period, when the intake was at its lowest level. Allen ** has directed 
attention to this apparent inability of the organism, be it normal or 
diabetic, to handle a sudden increase in the carbohydrate intake after a 
period of starvation or of low carbohydrate feeding. This also is 


TABLE 6—SummMary or Diet, Urine ANp Bioop Sucar or C. M. (Case 3) 











25.3-48.8 0.114 0.136 





Diet Urine Sugar Blood Sugar 
Duration of Be aH HO 
Period Protein Fat Carbohyd. Per Cent. Gm. Fasting Digestion 
House diet 2.2-3.8 33.2-58.4 0.115 0.133 
5 days 0-40 0 0 0.61.3 16.0-23.1 0.138 O.144 
12 days 9 131 #9 1.03.1 20.3-57.5 0.112 0.141 
& days 100 130 100 1.21.7 22.3-38.1 0.116 0.161 
5 days 100 125 1% 081.6 28.7-39.0 0.117 0.121 
4 days 11 125 MO 1.61.7 





TABLE 7.—Reaction oF SuGAR 1N BLoop AND Urine To Spectat Diets 














Diet Urine Sugar Blood Sugar* 
Duration of —————— A ————$ _- ———_ ——__ —_*—- A 

Period Protein Fat Carbohyd. Per Cent. Gm. Fasting Digestiont 

3 days House diet 1.40-2.80 30.1-33.3 0.086 0.141 

15 days sO 80 25) 0.90-2.80 37.7-42.0 0.088 0.136 

6 days 40-80 0 0 1.02-1.70 17.4-20.7 0.088 0.093 

0.046 0.061 

3 days 0 100 0 0.92-2.01 13.3-16.1 0.078 0.087% 

375-0 0.089 0.242 


4 days sO bt] 2500 1.05.40 





* Blood sugars, Folin Wu method 

+ Blood 1% hours after food. 

t Severe acidosis. Van Slyke 33.2 at end of third day, but rose to .5 volumes per cent. 
after two days of balanced diet. 


shown in Table 7, where the sudden change frum a pure fat diet to 
a liberal régime containing 250 gm. of carbohydrate is associated with 
a marked digestion hyperglycemia (0.212 per cent.) and one of the 
highest sugar outputs (54 gm.) ever found in this case. During the 
second admission studies were made of the effects of high carbohydrate, 
high protein and high fat intakes, with the following results. 

After a preliminary period the patient was given a fixed diet for 
fifteen days with increasing fluid intakes of 1,000, 2,000, 3,000 and 
4,000 c.c. per diem, but under these conditions the output showed only 
minor variations, an evidence of the lack of relation between the 
diuresis and the sugar leakage. With a pure protein dietary, there was 
a gradual drop in the blood sugar to the extremely low level of 0.046 


16. Allen, F. M.. and Associates: Three Cases of “Renal Glycosuria,” Arch. 
Int. Med. 24:523 (Nov.) 1919. 
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er cent., but even on this day he excreted 19.42 gm. sugar. So far 
ere had been no sign of acidosis, but on the third day of a pure fat 
et he developed an alarming acid intoxicanon. The bicarbonate 
eserve dropped to 33 volumes per cent., and he became drowsy. The 
iet was changed at once to a more varied one, and in two days all 
gn of the acidosis had disappeared ( bicarbonate reserve 60.5 volumes 
er cent.) 

Response to Added Glucose—Three blood sugar curves were 
irried out, in each case the usual dose of 100 gm. was given in 


emonade. 


(BLE &8—Response or Urine AND Boop SucGar to 100 Gm. or GLvucose 
PE. a AS va see atm é e 






Urine 

Hour Blood —— OO _ 

ne 16, 1920 Sugar Vol. C.c. Per Cent. Gm. Gm. per Hr Remarks 
§:45 a.m. 0.119 toni on eect on Test taken after two days 
9:00 a.m. samhe noe 2.60 ws ° of fasting and three of 
30 a.m. 0.200 — wei a ea carbohydrate-free diet 
0:00 a.m. 0.200 8&5 2.17 1.85 1.85 100 gm. glucose at 9:00 
:30 a.m. 0.204 _ ene oem . a.m. 
1:00 a.m. 0.200 125 3.08 3.7 3.78 

00 m. 0.188 120 4.50 5 ».40 

0 p.m. 0.150 125 4.50 5.62 2.61 
4:00 p.m. 0.138 125 2.74 3.37 1.18 
6:00 p.m. 0.150 120 2.500 3.00 1») 

March 16, 1921 

8:45 a.m. 0.088 eee ee esos ~ After two weeks of pro 

00 a.m. — 86 15 - - tein, 8) gm.; fat, 8 gm.; 
9:30 a.m. 0.12 _— — wees = carbohydrate, 250 gm. 
0:00 a.m. 0.136 134 2.07 2.77 2.77 100 gm. glucose at 9:09 
30 a.m. 0.178 eee — oens , a.m. 
1:00 a.m. 0.170 72 2.60 1.87 1.87 

00 m. 0.083 166 2.40 3.98 3.98 

00 p.m. 0.061 126 1.40 1.76 0.88 

March 23, 1921 

8:45 a.m. 0.064 —_ sani oom o After three days protein, 
%:00 a.m. stebees 150 2.70 - = 40-80 gm.; carbohydrate 
30 a.m. 0.127 ape soak - sons free 100 gm. gineose 
0:00 a.m. 0.192 »” 1.31 0.65 0 51 at 9:00 a.m. Volded at 

0 a.m. 0.160 see ° 10:15 a.m 
1:00 a.m. 0.194 _ — on —— 

00 m 0.206 300 2.38 7.14 4.08 

00 p.m. 0.104 350 2.29 8.01 4.00 


rhe second curve is the one most nearly approaching normal. The 
maximum rise in blood sugar is a little high and its appearance is 
lightly delayed, but this can be accounted for by the arteriosclerosis 
d low grade nephritis‘? as shown by the albuminuria, casts, etc. 
he slow return to normal levels (three hours) can also be explained 
the same grounds. 
The first and third curves are decidedly abnormal, but are similar 
those reported in other cases in which the test period was preceded 
starvation or restricted carbohydrate intake. The fact remains, 
in each case the kidney excretes sugar, while the glycemia is 
hin normal limits, and in the third test the urine contained 2.7 per 
ent. sugar with a blood sugar of 0.064 per cent. 


Janney, N.: Discussion, J. A. M. A. 75:217 (July 24) 1920 
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In this case the urine was collected in two hourly specimens during 
the day and a single specimen at night, and the hourly output was found 
to be remarkably constant. It was highest in the morning, fell during 
the afternoon and reached its lowest point during the night, showing 
in this regard a_ close resemblance to the output of albumin in that 
other anomaly of kidney action, orthostatic albuminuria. 


TABLE 9—Rate or SuGar Excretion rrom Hour to Howur 








Sugar 
Volume Specific —— A _— 
March 7, 1921 in C.c. Gravity Per Cent. Gm. Gm. per Hr. Remarks 

8-10 a.m. % 1.034 4.59 4.36 2.18 Blood sugar: a. c., 0.104; 
10-12 a.m. 1 1.080 2.86 4.29 2.15 p. ¢., 0.134 
12- 2 p.m 335 1.000 1.74 5.82 2.91 Diet: protein, 8 gm 
2- 4 p.m. 185 1.028 1.9 3.68 1.84 fat, 80 gm.; carbohy 
4- 6 p.m. 15 1.09 2m 3.13 1.57 drate, 250 gm. 
6 8 p.m. 145 1.080 2.40 3.48 1.74 

8 p.m.-8 a.m 1,050 11 1.36 14.28 1.19 





Total 2,115 39.05 


SUM MARY 

Notes are presented on three cases of renal glycosuria. The first 
patient, after six years of observation, still presents a marked glycosuria 
without symptoms and with a normal amount of sugar in the blood 
He is apparently in excellent health. 

The second is a severe case of chronic diffuse nephritis, in which 
a glycosuria appeared while under observation. The glycosuria has 
been practically continuous since its onset twelve months ago. It 
is small in amount, the largest quantity being 16 gm.; it is largely 
independent of the carbohydrate intake, it required three days starva- 
tion before its disappearance, and reappeared on an intake of 30 gm 
carbohydrate as green vegetables. The amount of glucose does not 
show any constant relation to the urinary volume. Synchronous sugar 
determination on blood and urine show the presence of a glycosuria 
with 0.068 per cent. sugar in the blood. The response to 100 gm 
glucose falls within the limits of a nondiabetic case of nephritis. There 
are no other signs of a diabetes mellitus. 

The third patient, aged 74, has a marked arteriosclerosis, (arterio- 
sclerotic kidney), and was first seen on account of scurvy. The 
duration of the glycosuria is unknown. The glycosuria has been 
continuous for the past fifteen months, the usual output varying from 
30 to 50 gm., and the ordinary changes in the diet had very little effect 
on the amount of sugar excreted. The sugar output was found to be 
independent of the urine volume. Synchronous studies of the blood 
and urine showed 2.7 per cent. sugar in the urine, with only 0.064 per 
cent. in the blood. The blood sugar curve following ingestion of 100 
gm. glucose is somewhat atypical, but can be explained by the presence 
of arteriosclerosis and nephritis. There are no signs of diabetes 
mellitus. 
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It is generally recognized that there are two types of renal glyco- 
suria ‘7: the one of unknown or idiopathic origin in which the blood 
sugar curve is of a strictly normal order, the other, is associated with 
a chronic diffuse nephritis or an arteriosclerosis, in which case the 
patient shows a remarkably high and prolonged rise in the blood sugar, 
which is probably a retention phenomenon, or may be connected with 
the high diastatic activity of the blood, so often seen in severe nephritis 
The first case is an example of the idiopathic type, while the second 
and third are examples of the second group. 

Acknowledgment is due to Dr. E. H. Mason who has kindly placed at my 


disposal much of the data connected with the second and third cases; also 
to Miss Lane for technical assistance. 














CHEMICAL STUDIES OF THE BLOOD AND URINE 
OF SYPHILITIC PATIENTS UNDER ARSPHEN- 
AMIN TREATMENT 


WITH A NOTE ON THE MECHANISM OF EARLY ARSPHEN- 
AMIN REACTIONS * 


CHARLES WEISS, Px.D., ann ANNA CORSON, B.Sc. 
PHILADELPHIA 


The chemical analyses of the blood and urine of five cases of 
tertiary syphilis form part of an investigation cunducted in collabora- 
tion with Schamberg, Kolmer and Raiziss' on the subject of the 
causes and mechanism of the severe reactions occasionally observed 
after the intravenous administration of alkaline solutions of arsphen- 
amin. Since the clinical and pathological literature on arsphenamin 
reactions has frequently been reviewed, we will concern ourselves here 
with a small number of available papers that deal with strictly chemical 
investigations made by modern acceptable methods. 


REVIEW OF THE LITERATUKE 


Very little literature is available concerning the effects of arsphen- 
amin on metabolic processes. Marischler and Schneider,? who were 
among the first to investigate this problem, unfortunately used the sub- 
cutaneous route of administration. Since the journal in which their 
paper is published is inaccessible, a brief summary of their work will 
be of interest. They investigated three cases of syphilis: one primary, 
one secondary and one tertiary. The patients were kept on a constant 
diet. An increased excretion of calcium oxid and phosphorus in the 
urine and feces was found in all three cases, and in one case there 
was an increase in the phosphorus to nitrogen ratio, with a correspond- 


*From the Dermatological Research Institute. 

* Investigation aided by funds accruing from the preparation of arsphenamin. 

*A preliminary note on this subject was published in the Proceedings of 
the Society for Experimental Biology and Medicine 18:210, 1921. 

1. Schamberg, J. F.; Kolmer, J. A., and Raiziss, G. W.: Experimental and 
Clinical Studies of the Toxicity of Dioxydiamino-Arsenobenzol Dihydrochloride, 
J. Cutan. Dis. 35:286, 1917. Schamberg, J. F.; Kolmer, J. A.; Raiziss, G. W., 
and Weiss, C.: Laboratory and Clinical Studies Bearing on the Causes of the 
Reactions Following Intravenous Injections of Arsphenamin and Neo-Arsphena- 
min, Arch. Dermat. & Syph. 1:235, 1920. Weiss, C.: Phenol Elimination 
in the Dog After Intravenous Injection of Neo-Arsphenamin, Proc. Soc. Exper. 
Biol. & Med. 17:103, 1920. 

% Marischler, J.. and Schneider, N.: The Effect of Subcutaneous Injections 
of Salvarsan on Metabolism, Lwowski Tygodnik Lekarski (Lemberg Medical 
Weekly [Polish]) 7:63, 81, 1912. 
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ing decrease in the nitrogen output. These authors probably used 
acid solutions of arsphenamin (although no data as to this are given 
in the original article). They concluded that arsphenamin acts like 
an acid, combining with the alkali of the body, especially with the 
calcium of the bone cells. 

Rowntree, Marshall and Chesney * reported a case of “tabes dorsalis 
with acute and chronic nephritis” in which death resulted from arsphen- 
amin poisoning. The total nonprotein and amino-nitrogen of the blood 
were distinctly above normal, being 150 and 12.4 mg. per hundred c.c., 
respectively. 

Rappleye * studied the effects of intravenous injections of arsphen 
amin on the blood urea and the phenolsulphonephthalein elimination 
in paretic patients. In one series of cases, with normal urea values 
just before injection (from 7.8 to 15.4 mg. urea nitrogen per hundred 
c.c. of blood), only three out of the nine patients who were examined 
one hour after the injection, showed very small increases of from 2.5 
to 3.1 mg. urea nitrogen in 100 c.c. of blood. In two other series 
of cases tested three and twenty-four hours after injection, respectively, 
no changes were detected. 

Rappleye also tested the blood urea and kidney function in another 
series of cases which had been under treatment for a long time, and 
had received a total of from 11 to 32 gm. of diarsenol (the Canadian 
brand of arsphenamin). Only two of the tour patients who had 
received more than 19 gm. of diarsenol showed low dye elimination 
(10 and 20 per cent., respectively). Although these patients “were 
in bed and suffering from considerable edema and were in poor gen- 
eral condition, showing occasional hyalin and granular casts in the 
’ their blood urea nitrogen values were normal. Of the remaining 


urine, 
six patients who had received less than 19 gm. of diarsenol, all had 
normal blood urea nitrogen values, although five of them eliminated 
low percentages of phenolsulphonephthalein (from 20 to 50 per cent.), 
and three of the latter showed albumin and casts in the urine. In 
only three of the entire series of ten cases, were the phenolsulphoneph- 
thalein and urea-nitrogen values comparable. These three gave 
normal figures. In all others, the phenolsulphonephthalein elimina- 
tion was much lower than normal, but there was no increase in the 
urea nitrogen of the blood. Rappleye concludes that diarsenol has no 
deleterious effect on the kidneys when their function is good at the 
outset. 


3. Rowntree, L. B.; Marshall, E. K., and Chesney, A. M.: Studies in Liver 
Function, Tr. Assn. Am. Phys. 29:586, 1914. 

4. Rappleye, W. C.: Notes on the Effect of Intravenous Diarsenol, J. Lab 
& Clin. M. 4:630, 1919. 
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Elliott and Todd* made similar studies on syphilitic young men 
who were receiving weekly intravenous injections of arsphenamin. 
They report as follows: Of twenty patients on whom phenolsul- 
honephthalein determinations were made both before and after a 
iti of six arsphenamin injections with a total dosage of 2.7 gm., 
five showed a reduction of from 10 to 17 per cent. each, while the 
other fifteen remained practically unchanged. The urea-nitrogen con- 
tent of the blood in these twenty cases showed an average of 14.3 mg. 
per hundred c.c. before and 16.0 mg. after treatment, or practically 
no change. One case showed an increase of 9 mg. No details are 
given of these analyses. 

In another series of nine cases, receiving injections twice a week 
with the same total dosage (2.7 gm.), the results were as follows: 
Before injection, the urea nitrogen of the blood was normal, varying 
from 12.6 to 20 mg. per hundred c.c. of blood. After injection, it 
increased slightly (2 mg. per hundred c.c.) in four of the patients, but 
none of them had more than 20 mg. urea-nitrogen per hundred c.c. 
(the upper normal limit). The phenolsulphonephthalein elimination, 
on the other hand, was low to begin with—from 41 to 58 per cent. 
before injection—and was decreased somewhat, being from 40 to 51 
per cent. after injection. In three of these cases there were reductions 
of from 11 to 17 per cent., while in two others there was 5 per cent. 
reduction, without corresponding retention of nitrogen. 

In one case of acute syphilitic nephritis, Elliott and Todd observed 
high blood urea figures which declined rapidly under the arsphenamin 
treatment. Albumin also disappeared from the urine. The phenol- 
sulphonephthalein excretion, on the other hand, which was rather high 
to begin with, declined somewhat during the treatment, in spite of the 
obvious renal improvement. The authors ‘concluded that “these find- 
ings suggest that the admitted inadequacy of the phenolsulphonephtha- 
lein test to detect acute nephritis applies also to syphilitic nephritis.” 

Bailey and MacKay,* in an extensive chemical study of the blood 
and urine of twenty-five cases of syphilis in which toxic jaundice had 
developed under combined mercury and novarsenobillon (French brand 
of neo-arsphenamin) treatment, observed : 

(1) In eleven of the cases, bile pigments were found in the plasma, 
and, as a rule, also bile salts. 

(2) The greatest excretion of urobilinogen and urobilin was in the 
jaundiced cases. In the absence of jaundice, the output of these pig- 
ments was less than half. 


5. Elliott, J. A.. and Todd, L. C.: Effects of Arsphenamin on Renal Func- 
tion in Syphilitic Patients, Arch. Dermat. & Syph. 2:699, 1920. 

6. Bailey, C. V., and MacKay, A.: Toxic Jaundice in Patients Under Anti- 
syphilitic Treatment, Arch. Int. Med. 25:628 (May) 1920. 
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(3) In the voided urine, the relative excretion of urobilinogen to 
urobilin was greatest in the well patients and least in the severe liver 
cases, indicating a decreased excretion of oxidase in the latter. 

(4) In twelve of the patients with no disorder of the liver, the 
percentage of cholesterol varied from 0.117 to 0.210, with an average of 
0.155, or within a fairly normal range. In all of the twenty-five cases 

f toxic jaundice, the cholesterol value was strikingly high, varying 
from 0.165 to 0.292 per cent., with an average of 0.235 per cent. 
In twenty-one of the twenty-five cases the values were over 0.2 per cent. 
Bailey and MacKay consider hypercholesteremia as being an early and 
marked sign of toxic jaundice and a valuable indication of a precarious 
state of the liver in this disease. 

(5) The blood sugar and rate of excretion of sugar in the urine 
were normal in all of these patients. 

(6) As for the nitrogenous constituents of the blood of these 
patients (who were on a high protein diet), the urea-nitrogen was 
normal (from 8 to 20 mg. per hundred c.c. of blood) in eight, but 
above normal (22 mg. and above) in the majority; one was as high 
as 49 mg. per hundred c.c. of blood. These abnormal values were 
ascribed, in part, to the high protein diet and the various physic restric- 
tions placed on the patients (soldiers), and, in part, to impaired kidney 
elimination, since they were accompanied by slight increases in the 
creatinin and marked increases in the uric acid of the blood as well 
as a decreased elimination of uric acid in the urine. The high blood 
uric acid was attributed to an increased production of this substance 
resulting from a destruction of liver nuclear substance. It is of interest 
to note that casts and protein were found only occasionally in the 
urines of a few of those patients who showed retention of nitrogen 
in the blood. 

While this manuscript was being prepared, Anderson’s paper on 
the effect of arsphenamin on kidney function appeared.’ This author 
eports chemical analyses of the blood in thirty-eight cases of syphilis 
in which the total dosage of arsphenamin ranged from 8 to 21 gm. 
with an average of about 14 gm. The treatment extended over a period 
of two years and included inunctions or injections of various mercurials 

addition to arsphenamin injections. Of the thirty-eight patients 
(we omit here the case which he characterized as nephropathic), 
twenty-four had total nonprotein nitrogen values higher than 30 mg. 

the upper normal limit), four of these ranging from 40 to 46 mg. 
per c.c. of blood. The urea-nitrogen and creatinin values were normal 
n all, although one case showed albumin and globulin in the urine 


7. Anderson, H. B.: Some Observations on the Use of Arsphenamin, Am. 
M. Sc. 162:80, 1921. 
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(no casts). The phenolsulphonephthalein test gave the following 
results. Of five patients with somewhat subnormal dye elimination 
(from 45 to 50 per cent. in two hours) only one patient had a non- 
protein nitrogen value of 46, the others being normal. Case 25 of 
Anderson, diagnosticated as “tabes and nephritis” had a phenolsul- 
phonephthalein elimination of 40 per cent. in two hours, total non- 
protein nitrogen 37 mg. per hundred c.c. of blood, and urea ani 
creatinin normal. The urine showed a distinct trace of albumin bu: 
no globulin and a few granular casts. Anderson draws the conclusion 
that there is no evidence of kidney injury. 

In this connection, some of the recent histopathologic studies of 
Kolmer and Lucke * must be referred to briefly. These authors found 
the following changes in normal rabbits and rats injected intravenous!) 
with repeated small (therapeutic) doses of either neo-arsphenamin or 
alkaline arsphenamin : 


The liver showed small areas of focal necrosis and slight periportal fibrosis 
The latter was confined to the tissue about the bile ducts and blood vessels 
The kidneys revealed vascular and tubular changes characterized as “nephrosis.” 
More or less marked chronic passive congestion was found with moderate 
hemosiderosis in the spleen; inconspicuous amounts of hemosiderin occurred 
in the lung. Occasional vessels contained thrombi composed of partly or 
entirely conglutinated or hyalinized erythrocytes. The lipoids of the supra- 
renals were at first increased in quantity; later a slight exhaustion appeared. 
Parenchymatous changes of mild degree were seen in the various organs. 


PLAN AND METHODS OF INVESTIGATION 


As has been brought out in the review of the literature, previous 
writers have limited their work to a single chemical analysis of the 
blood and urine of the patient after a course of arsphenamin injections 
had been given, with the hope of detecting kidney injury. The present 
work was begun before any of the above publications had appeared 
Our object being primarily to study the mechanism of early arsphen- 
amin reactions, we deemed it necessary to hospitalize our cases, and 
to make frequent analyses of the blood and urine before injection and 
then for a sufficient interval after treatment. In this way we hoped 
to detect changes, which could, with some degree of certainty, be 
ascribed to the action of the drug. ; 

Five cases of tertiary syphilis with varying degrees of optic atrophy 
were selected from the Skin Clinic of Dr. Jay F. Schamberg, Poly- 
clinic Hospital, Graduate School of Medicine, University of Pennsy!- 
vania. They were kept in a ward at the Polyclinic Hospital and given 
the usual house diet, which was low in proteins and fats, rich in 
carbohydrates and fairly constant from day to day. Their water intake 


8. Kolmer, J. A., and Lucke, B.: Experimental Studies on the Histopatho- 
logic Changes Produced by Arsphenamin and Neo-Arsphenamin, Arch. Dermat 
& Syph. 2:289, 1920; Ibid. 3:483, 1921. 
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was also controlled. Blood specimens were taken in the first two 
cases, three hours after a constant prescribed breakfast and in the last 
three cases, before breakfast. 


The following were investigated: (1) The urea and total non- 
protein nitrogen, sugar and uric acid of the blood, by the methods of 
Folin and Wu.® The total nonprotein nitrogen was estimated by the 
digestion and direct nesslerization technic, and urea nitrogen by the 
acration and titration method of Van Slyke and Cullen.*° (2) The 
carbon dioxid combining power of the plasma was determined by Van 
Slyke’s method.** (3) Kidney function was determined by the phenol- 
sulphonephthalein test of Rowntree and Geraghty,” the dye being 
injected intramuscularly. (4) The daily twenty-four hour specimens 
of urine were also analyzed routinely for sugar and albumin, and 
microscopic examinations were made of the sediment. (5) The 
hydrogen-ion concentration of the blood and urine was measured by 
the colorimetric method of Sérenson, as developed by Bayliss ** and 
Clark,"* respectively. (6) Total nitrogen in the daily twenty-four-hour 
urine was estimated by the gross Kjeldahl method in the usual way. 
(7) Arsenic elimination in the urine was determined by Green’s micro- 
titration method. These results are reported separately.** 

Before beginning this investigation the various methods employed 
were carefully tested out by running “recovery” and “control” experi- 
ments. All determinations reported were done in duplicate, and only 
checking results were accepted. 


REPORT OF CASES *® 


Case 1—T. M., aged 38; optic atrophy of left eye. This patient was in 
good physical condition. He had been under continuous treatment for more 
han two years, and had always suffered reactions. During the “control periods” 
before injection), normal values for urea, total nonprotein nitrogen and blood 
sugar were observed. Oct. 26, 1920, before breakfast, the patient was given an 
ntravenous injection of 0.6 gm. of an alkaline solution of arsphenamin, dis- 
solved in 120 c.c. distilled water. The patient had a very mild reaction— 
nausea and vomiting, which continued until the next morning. Three hours 





9. Folin, O., and Wu, H.: A System of Blood Analysis, J. Biol. Chem. 
38:81, 1919; Ibid. 41: 367, 1920. 

10. Van Slyke, D. D., and Cullen, G. E.: A Permanent Preparation of 
rease and Its Use in the Determination of Urea, J. Biol. Chem. 19:211, 1914. 
11. Van Slyke, D. D.: A Method for the Determination of Carbon Dioxid 
nd Carbonates in Solution, J. Biol. Chem. 30:347, 1917. 

12. Rowntree, L. G., and Geraghty, T. J.: Described by Myers,” pp. 103-104. 
13. Bayliss, W. M.: The Neutrality of the Blood, Brit. J. Physiol. 53: 
162, 1919, 

14. Clark, W. M.: The Determination of Hydrogen Ions, Williams and 
Vilkins Co., Baltimore, 1920. 

_ 15. Weiss, C., and Raiziss, G. W.: The Elimination of Arsenic in the Urine 
Syphilitic Patients After Intravenous Injection of Arsphenamin, Arch 
Med. (1922) to be published. 

16. Additional data are given in the preceding paper.’ 
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after the injection, the total nonprotein nitrogen rose to 32.9 mg., which is 
slightly above the upper normal limits given by Myers.” The urea remained 
unchanged. No food had been taken during this interval. The blood sugar 
increased from 100 to 123.8 mg. per hundred c.c. On the following morning, 
the figures for urea and total nonprotein nitrogen (blood specimen obtained 
three hours after a prescribed breakfast) continued to rise, the former reach- 
ing 6.8 mg. above the normal range. 


TABLE 1.—SuHowine Cuemicat CHANGES IN THE BLoop or SyPHILITICs 
DurinG ARSPHENAMIN TREATMENT 














Date Total Nonprotein' Urea Nitrogen Sugar Remarks 
Nitrogen * 
Case l: T. M.; 
male; aged 38; 
optic atrophy 
0/25/20 24.2 11.1 85.1 
19/26/20 0.0 13.2 100.0 t 
10/26/20 32.9 13.2 123.8 vi 
10/27/20 36.8 20.6 130.2 Vv 
10/29/20 314 17.2 133.8 
1; 2/20 39.5 14.3 115.6 
ll/ 4/20 33.4 49 108.9 
11/ 8/20 34.3 22.4 131.6 
ll/ 9/20 23.2 8.1 133.3 
ll/ 9/20 28.4 94 129.9 Di 
11/10/20 44.3 14.8 121.2 
11/13/20 34.5 11.3 137.9 
11/16/20 $2.6 12.6 137.9 
11/18/20 31.0 12.4 139.9 
11/22/20 32.4 18.1 121.6 
11/23/20 4.5 16.9 116.3 vi 
11/24/20 38.2 18.3 117.6 
11/26/20 30.3 13.5 106.1 
Case 2: M. J. 
male; aged 28; 
optie atrophy 
1/19/21 33.5 114 98.5 
1/20/21 32.1 114 88.3 
1/21/21 32.6 11.7 1114 
1/25/21 30.7 12.2 76.5 + 
1/26/21 32.8 15.5 158.8 } vi 
1/27/21 $1.5 11.3 113.0 
1/28/21 | 31.5 12.6 89.9 
1/31/21 30.7 4.2 137.9 
2/ 2/21 38.8 18.6 6.4 G 
2/ 4/21 35.8 17.5 119.0 
2/ 7/21 30.9 14.3 107.5 





* All figures are given in milligrams per hundred c.c. of blood. 
+ Injection immediately after sample was drawn. 
? Patient received an intravenous injection of 0.6 gm. arsphenamin three hours before 
this —— of blood was drawn. , 
= “reaction”—patient vomited. 
D = severe reaction with vomiting, diarrhea and pain in the legs. 
G = gastric crisis. C = slight reaction, chills. 


During the succeeding days, the values fluctuated somewhat. One week 
after injection a total nonprotein nitrogen value of 39.5 mg. per hundred c.c. 
of blood was observed. The urea nitrogen of this specimen was normal 
(14.3 mg.). The highest urea value, observed thirteen days after injection, 
was 22.4 mg. with a corresponding nonprotein nitrogen figure of 34.28 mg., 
both indicative of a very mild nitrogen retention. 

After the second injection, the reaction was much more severe. The patient 
became very sick; he had vomiting, diarrhea, pain in the legs and oliguria 
with bile tinged urine. The blood specimen taken three hours after this 
injection (no food having been consumed) showed increases similar to those 
seen after the first dose. On the next morning, however, the highest value 





Ge ve 





17. Myers, V. C.: Practical Chemical Analysis of Blood, St. Louis, 
Mosby Co., 1921, pp. 70-82, 103-104. 
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for total nonprotein nitrogen was obtained, 44.3 mg. per hundred c.c. blood. 
The urea-nitrogen remained normal, 14.8 mg. per hundred c.c. An increase of 
2 gm. above the usual range was observed in the urinary nitrogen excretion 
of the succeeding day. The urea and sugar continued to remain normal during 
the next two weeks, but the total nonprotein nitrogen figures were slightly 
bove normal. 

[he third injection, now given, was followed by a mild reaction, and the 
inalytical figures were very much similar to those seen after the first dose. 


rhe blood sugar values never assumed pathologic significance. 


Case 2.—J. M., male, aged 28; total optic atrophy. This patient was in 
good physical condition; he had been under continuous treatment for over two 

ars. During the control period (one week) the values for urea and total 
nonprotein nitrogen were or gradually became normal. A mild reaction (vomit- 
ing) followed the first injection of 0.6 gm. of alkaline arsphenamin. The blood 
specimen taken three hours after this injection (the patient having taken no 
food) showed slight rises (from 2 to 3 mg.) in the urea and total nonprotein 
nitrogen. The blood sugar was more than doubled but never assumed patho- 

gic significance. No other significant changes were observed until eight 

days later when the urea and total nonprotein nitrogen rose above their usual 
values, reaching 18.6 and 38.8 mg. per hundred c.c. of blood, respectively. Both 
gradually declined during the course of the next few days. 

Case 3.—K. W., male, aged 39; locomotor ataxia; total optic atrophy. This 
patient was not in good nervous or physical condition. During the control 
period of observation (lasting twelve days) the values for urea-nitrogen, sugar 
and uric acid were normal. The total nonprotein nitrogen values, however, 


TABLE 2.—Biocuemicat Data on Case 3 


K. W.; male; aged 39; optic atrophy 





Total Urea 














Date Nonprotein Nitrogen Sugar Urie Acid Remarks 
Nitrogen* 
32.2 9.9 126.6 
33.8 11.0 124.6 
35.1 12.5 132.5 2.4 
$5.2 12.3 128.2 24 
33.0 13.7 144.4 24 
28.0 9.1 178.2 1.3 ¢ 
30.9 14.5 160.6 14 Ct 
81.4 11.7 173.5 
28.9 8.6 160.6 2.4 
29.1 6.0 95.5 24 
27.9 9.6 96.4 24 
24.0 73 98.0 
26.5 12.2 86.4 2.4 ¢ 
29.0 14.0 149.3 2.4 vi 
35.2 14.9 147.6 2.0 
24.6 8.9 107.0 ace + 
26.4 10.3 199.5 ct 
26.5 13.1 102.6 
3/29/21 22.9 7.3 97.3 2.2 
3/31/21 “9 10.0 98.2 24 
4/ 5/21 34.7 11.2 95.2 2.6 
4/ 7/21 26.1 14.9 91.3 2.2 
* All figures are given in milligrams per hundred c.c. of blood. 
+ Injection immediately after sample was drawn. 
t Patient received an intravenous injection of 0.6 gm. arsphenamin three hours before 


this sample of blood was drawn. 
Vv = “reaction"—patient had severe chills. 
C = slight reaction—chills 


vere often somewhat above normal, ranging from 28 to 35.2 mg. per hundred 
. of blood. The first injection of 0.6 gm. arsphenamin was not followed by 
untoward symptoms, except slight chills. The usual small increases in 
urea and nonprotein nitrogen (and uric acid) of the blood were observed 
ree hours after the injection. No other significant changes were detected. 
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The second injection of 0.6 gm., given a fortnight after the first, was fol- 
lowed by somewhat more severe chills. The blood findings were similar, 
except that the blood sugar rose appreciably three hours after the injection 

Three days later a third injection was given and was followed by similar 
results. The urea nitrogen content of the blood in this patient never rose 
above 15 mg. per hundred c.c. 


Case 4.—G. R., male, aged 48; partial optic atrophy; diminished hearing; 
tremor; Rhomberg positive. Loss of tactile sensation. General physical con- 
dition fair. In this case and in Case 5 an effort was made to determine whether 
or not the alkali used to neutralize arsphenamin produced any appreciable 
change in the carbon dioxid combining power of the plasma or in the hydrogen- 
ion concentration (pu) of the blood or urine. In addition to chemical analyses 
of the blood,” we made phenolsulphonephthalein elimination tests and careful 
examination of the urine for albumin and casts. 

During the control period of observation (one week) this patient showed 
abnormal values for urea and total nonprotein nitrogen of the blood, from 
24 to 30 and from 36 to 41 mg. per hundred c.c., respectively. The carbon 
dioxid and sugar values were, however, normal. The phenolsulphonephthalein 
elimination was not comparable with the nitrogen figures, being within the 
normal range. The urine frequently showed a few granular and hyalin casts. 
renal cells and leukocytes and an occasional red blood cell. There was n 
proteinuria or glycosuria. The py of the urine was within normal range. 

After the first injection of 0.6 gm. alkaline arsphenamin no untoward symp- 
toms were observed. There were the usual small increases in the total non- 
protein nitrogen and sugar of the blood three hours after the injection. Thx 
urea, carbon dioxid combining power and the py, of the blood remained 
unchanged. The urine taken immediately after the injection was completed, 
showed a very small increase in alaklinity. Forty-four hours after the injec- 
tion an appreciable increase in the urea and total nonprotein nitrogen of the 
blood was observed. The former rose to 32.3 mg. and the latter to 44.1-me 
per hundred c.c. blood. One week later a second injection of 0.6 gm. was 
given. There was no clinical reaction. The increase in total nonprotein nitrogen 
observed three hours after the injection was 4 mg. per hundred c.c.; the smal! 
increases in urea nitrogen and sugar of the blood were similar to those usuall 
noted. There was no increase in the pu of the blood. A specimen of urine, 
taken immediately after the injection was completed, showed a very smal! 
increase in alkalinity similar to that noted in the first injection. Two days 
after the injection the urea dropped to normal although the total non-protei: 
nitrogen remained unchanged. At no time was any decrease in the phenol- 
sulphonephthalein elimination observed. 

Case 5.—C. J., male, aged 53; partial optic atrophy. General physical con 
dition very good; patient complained of headche and occasional pain in lumbar 
region. 

This patient showed abnormal total nonprotein nitrogen content of thx 
blood, although the urea and carbon dioxid combining power were norma! 
He never showed any reaction (except very mild diarrhea) nor any subnorma! 
phenolsulphonephthalein elimination, although he regularly -eliminated-a few 
hyalin and granular casts, leukocytes and red cells in the urine. The secon 
injection of 0.6 gm. alkaline arsphenamin (which we were able to. follow mor: 
carefully than the first) resulted in no appreciable change, other than t! 
usual marked rise in blood sugar (observed three hours after the injection 
The carbon dioxid combining power of the plasma remained unaltered. 

The third injection showed a more appreciable rise in the total nonprotei: 
(but not in urea) nitrogen, and a similar increase in blood sugar three hour: 
after the injection. 


18. Specimens of blood were taken before breakfast. 
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TABLE 3.—Biocuhemicat Data on Cases 4 AND 5 
Case 4: G. R.; male; aged 48; optic atrophy 





Blood Analyses 





Kidney Function Tests 











few spermatazoa 


| Total Phenolsul- 
Non- phonephthalein 
Date | pro- Urea Elimination, Remarks 
| tein |Nitro- Sugar Plasmat per Cent. Albu- Sediment 
Nitro-| gen 2 —_—_—_-  — mn 
gen* First | Total 
Hour 2 Hrs. 
15/21 41.1 24.0 88.9 fo) 55 70 Nega- One of two gran»- 
tive lar casts, slight 
amount of sedi- 
ment 
17/21 41.1 0.0 100.8 538 » 65 Nega- Many granular 
tive casts, few hyalin 
casts, occasional 
red blood cells 
many white blood 
cells 
0/21 36.5 23.9 1.8 58 45 60-65 Nega- Many granular and 
tive hyalin casts, few 
renal cells and 
white blood cells 
21 36.1 29.6 105.3 63 ee Nega- Few casts and white ; 
tive blood cells 
2/21 38.1 28.3 122.7 TS |. oe | we «Biesieee 1 bewesbesaeues os § 
4/21 44.1 32.3 99.5 58 Nega- Few casts, many 
tive white blood cell 
£/21 35.5 21.4 1.0 6 ») +) Nega- Fewcasts and wh te : 
tive blood cells 
8/21 39.5 23.3 115.3 60 - _ pacsae | avedenseognens _— g 
0/21 39.2 19.¢ 72.0 5S ww 65-70 Nega- Increase in amount 
tive of sediment, many 
casts, white blood 
cells, few epithe) 
ial cells 
Case 5: 8S. J.; male; aged 58; optic atrophy 
7/21 36.7 20.3 7 Been F we | wendces Dectecenediansoess 3 
7/21 es wens | mecca 53 os ° dene abbas eadheecuen q 
12/21 33.1 15.4 117.3 57 45 65 Nega- | Slight amount of 
tive sediment, ocea- 
14/21 34.9 19.2 137.9 57 » 60 Nega- | sional casts, red 
tive blood cells, white 
blood cells 
&/21 34.2 12.3 91.3 55 Nega- Few grenular casts, $ 
tive white blood cells. 
renal cells. and 
spermatozoa 
§/21 35.1 12.4 137.9 58 , , oe aperegsaeogones . re 
1/21 32.0 15.9 97.1 a) SO 45 Nega- Occasional hyaln 
tive east and white 
blood cells 
71 33.3 12.8 4.8 61 Nega- | Occasional gran- 3 
tive lar cast and white 
blood cells 
5/21 38.2 12.9 120.9 ee ~ - proces | peeetneeecksotness , & 
$21 90.6 17.4 108.1 53 40-45 65 Nega- | Occasional white 
tive blood cells and a 


* All figures for total nonprotein nitrogen, urea nitrogen and sugar are given in mill- 


ms per hundred e.c. of blood. 

+ Cubie centimeters of carbon dioxid reduced to oxygen, 7 mm. bound as bicarbonate 
10 ¢.c. of plasma. 

: Injected immediately after sample of blood was drawn. 
Patient received an intravenous injection of 0.6 gm. arsphenamin three hours before 
mple of blood was drawn. 

* Blood drawn during injection after three fourths of dose had been administered. 
+ This phenolsulphonephthalein test was made the afternoon prior to injection. 

Db = very mild diarrhea. 


this 
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THE MECHANISM OF EARLY ARSPHENAMIN REACTIONS 


Evidence has been brought forth in the review of the literature as 
well as from our own data, that: (a) arsphenamin does not exert any 
selective injurious action on the kidneys; (b) patients with injured 
kidneys do not necessarily manifest arsphenamin reactions; and (c) 
patients with good kidney function may suffer from severe reactions. 

What, then, is the mechanism of arsphenamin reactions? 

Numerous theories have already been suggested and these have 
been reviewed by one of us (C.W.") as well as by Hirano.’® The latter 
suggested the hypothesis that arsphenamin causes a diminution in the 
epinephrin content of the suprarenals and, therefore, of the circulating 
blood thus producing shock to the organism. Work done in this 
Institute by Drs. Lucké, McCouch and Kolmer (Journal Pharmacol. 
Exp. Therapeutics, 1922 [in press] casts very grave doubt on Hirano’s 
findings and interpretation. That arsphenamin reactions bear no rela- 
tion to true anaphylactic shock has been shown by the pharmacologic 
studies of Hanzlik and Karsner.*° 

These authors, as well as Jackson and Smith,”* have shown that 
in experimental animals, even therapeutic doses of arsphenamin 
raise the pulmonary arterial pressure and dilate the right heart. Hanz- 
lik and Karsner maintain that the symptoms observed after arsphen- 
amin or neo-arsphenamin injections are due primarily to injury to the 
circulatory apparatus caused by the arsenic. (No distinction is to be 
drawn between inorganic and organic arsenicals in their opinion.) 
“Amelioration or partial protection afforded by adrenalin or atropin 
is due entirely to improvement in the circulation.” 

Injury to the circulatory apparatus (and, perhaps, also destruction 
of erythrocytes due to the hemolytic action of arsphenamin) probably 
aceounts for the small but constant increases in total nonprotein nitfo- 
gen of the blood observed by us within three hours after injection. 

The recent toxicological data of Willcox and Webster ** showing the 
wide-spread distribution of arsenic in the organs of fatal cases of 





19. Hirano, N.: Experimental Studies on the Nature of Anaphylactoid Reac- 
tions Caused by the Repeated Intravenous Injection of Salvarsan, Kitasato 
Arch. Exper. M. 3:1, 1919. 

20. Hanzlik, P. J.. and Karsner, H. T.: A Comparison of the Prophylactic 
Effects of Atropin and Epinephrin in Anaphylactic Shock and Anaphylactoid 
Phenomena from Various Colloids and Arepsenamin, J. Pharmacol. & Exper 
Therap. 14:425, 1920. Effects of Various Colloids and Other Agents Which 
Produce Anaphylactoid Phenomena on Bronchi of Perfused Lungs, loc. cit. 14: 
449, 1920. 

21. Jackson, D. E., and Smith, M. I.: An Experimental Investigation of 
the Cause of Early Death from Arsphenamin, J. Pharmacol. & Exper. Therap 
12:221, 1918. 

22. Willcox, W. H., and Webster, J.: The Toxicology of Salvarsan, Brit 
M. J. 1:473, 1916; The Analyst 41:231, 1916. 
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arsphenamin intoxication, as well as the histopathological studies of 
Kolmer and Lucké * already alluded to (showing that practically very 
organ is to a mild degree deleteriously affected during a course of 
arsphenamin injections in experimental animals), lead us to suggest 
that early arsphenamin reactions may not be due primarily to injury to 
any specific organ alone but to a general tissue injury which may be 
ascribed to the toxic action exerted by the drug or the products of its 
oxidation or reduction in the tissues of certain hypersensitive cases. 
That the liver also suffers injury is suggested by comparing our obser- 
vation of increases in total nonprotein nitrogen, without corresponding 
increases in urea-nitrogen of the blood, with similar data published by 
Losee and Van Slyke ** and Killian ** on eclampsia, and of Rowntree, 
Marshall and Chesney * in various other diseases in which the liver is 
known to be involved. 
SUMMARY 

Five cases of tertiary syphilis with varying degrees of optic atrophy 
were studied. The details of the chemical analyses of the blood and 
urine and the history of the cases will be found in Tables 1, 2 and 3 
and in the text. Herewith are presented a brief summary of the 
essential points noted. 

1. Urea and Total Nonprotein Nitrogen of the Blood.—(a) Small 
but definite increases in the nonprotein nitrogen of the blood (from 
2 to 5 mg. per hundred c.e.) were observed three hours after prac- 
tically every intravenous injection of 0.6 gm. doses of arsphenamin 
(ten out of twelve injections). These increases cannot be accounted 
for by the nitrogen content of arsphenamin (which is 5 per cent.). 
The maximum rise accompanied the severest reaction (Case 1). The 
increases in urea nitrogen were not always parallel to those in the 
nonprotein nitrogen and often were absent or exceeded them. 

(b) Blood specimens examined at intervals after every injection of 
arsphenamin showed significant increases above the original limits, only 
in those cases (Cases 1 and 2), in which the reactions were most pro- 
nounced. The nonprotein nitrogen in Case 1, which was from 24 to 
30 mg. before injection, rose twenty-four hours after the injection to 
44 mg. per hundred c.c. of blood. Case 2, with a less severe reaction, 
showed a milder increase (from 33.5 before, to 38.8 mg. eight days 
after injection). The urea nitrogen figures, however, remained 
normal. 

(c) In no case was the final total nonprotein nitrogen or urea- 
nitrogen of the patient, when discharged (after one, two or three 0.6 


23. Losee, J. R., and Van Slyke, D. D.: The Toxemias of Pregnancy, Am. 
J. M. Se. 153:94, 1917. 
24. Killian, H.: Proc. New York Path. Soc., February, 1921. 
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gm. doses of arsphenamin) any higher than when admitted. On the 
contrary, many reductions were noted. All of the patients benefited 
greatly by the low protein diet and hospital care, as well as by the 
injections. 

(d) Of the five cases studied( one (Case 4) had urea and total 
nonprotein nitrogen values distinctly above normal before treatment 
was begun. Yet this patient never showed untoward symptoms. On 
the other hand, Case 1, with normal blood figures, reacted severely. 
We cannot, therefore, in every case, ascribe arsphenamin reactions to 
impaired kidney function alone, as suggested by Wechselmann.** 

2. Blood Sugar.—Marked but not pathologic increases in blood 
sugar occurred fairly constantly three hours after injection. Two or 
three times (Cases 2 and 3) we noted that the blood sugars were 
doubled, although no food had been taken during this interval. As a 
rule, these increased values gradually subsided in the course of a 
few days. Whether these sudden increases were due to stimulation 
of the suprarenals, resulting from the action of the drug or from mere 
fright, is a matter to be investigated. 

Marked variations in blood sugar were also noted from day to 
day in specimens taken at the same hour before breakfast. The nervous 
state of the patient and the weather conditions seemed to be controlling 
factors. 

3. Uric Acid.—The uric acid of the blood was studied in Case 3 
and it was found to be constantly normal during the investigation. 

4. Carbon Dioxid Combining Power of Plasma.—In cases 4 and 5 
normal values were observed both before and during treatment. The 
amount of alkali added to acid arsphenamin to produce the disodium 
salt was insufficient to change either the bicarbonate reserve or the 
hydrogen ion concentration of the plasma or of the urine. Ferannini ** 
draws similar conclusions from his pharmacologic studies of the 
respiratory rate in dogs. 

5. Phenolsulphonephthalein Elimination—The elimination of this 
dye was normal in each of the two patients studied (Cases 4 and 5) 
although the former showed distinct signs of nephritis. There were 
no changes after arsphenamin treatment. 

The writers wish to thank Dr. Jay F. Schamberg, Dr. John A. Kolmer and 


Dr. George W. Raiziss of this Institute for their kind cooperation throughout 
the work. 


25. Wechselmann, W.: Ueber die Pathogenese der Salvarsantodesfalle, 
Berlin, Urban and Schwarzenberg, 1913. n 

26. Ferrannini, L.: Richerche Sperimentali sull’ azione farmacologia del 
Salvarsan, Riforma med. 27:1065-1068, 1101-1106, 1126-1128, 1911. 











STUDIES IN THE VARIATION OF THE LENGTH 
OF THE Q-R-S-T INTERVAL * 


G. K. FENN, M.D. 
CHICAGO HEIGHTS, ILL. 


I 


RELATION TO HEART RATE AND TO CLINICAL CONDITIONS 
ASSOCIATED WITH CHRONIC HYPERTENSION 


Variations in the length of the different phases of the human 
electrocardiogram have long been observed, and satisfactory explana- 
tions have been offered for many of them by various writers. The length 
of the entire ventricular complex is known to vary in different indi- 
viduals and in the same individual at different times but the explana- 
tion of this phenomenon has received comparatively scant attention 
at the hands of cardiologists. 

The normal ventricular complex, the Q-R-S-T group, is usually 
divided into subgroups, the Q-R-S interval and the S-T interval. Pro- 
longation of the Q-R-S interval is due to defects in certain portions 
of the conducting tissues. This fact has been established by animal 
experiment and by carefully controlled clinical observation. There are, 
however, certain cases in which the Q-R-S interval is normal but the 
Q-R-S-T interval exceeds the accepted time limit. It is with such 
cases that these studies have to deal. 

Because of the great number of angles from which the subject 
must be approached, it was considered advisable to report separately 
n each investigation or group of investigations. 

This report considers only those hearts in which the rhythm is 
regular and the rate approximately constant and under 120 per minute. 
[he clinical conditions considered in this report may be termed chronic 
as they have existed in each individual over a long period of time. 
[he measurements reported here were all made from Lead II of the 
electrocardiogram. 

The results of the work in other fields ot this investigation will 
follow. 

Lewis? has defined the time relation of the Q-R-S group. He 
states that this group must have a duration of no more than 0.1 second, 
and that it usually constitutes less than one third of the entire ventric- 
ular complex. A critical review of the literature fails to reveal any 
arefully controlled work that places a definite time limit on the S-T 


*From the Medical Service, St. Luke’s Hospital, Chicago. 
1. Lewis, T.: The Mechanism and Graphic Registration of the Heart Beat, 
ndon, Shaw & Sons, 1920. 
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interval without taking into consideration other features of the heart’s 
activity. It is, therefore, safe to assume that the ventricular complex 
may normally vary in its length, and while the Q-R-S group is rather 
restricted in its variations, the S-T interval has much more latitude. 
This assumption is borne out in the study of electrocardiograms taken 
from normal individuals. 

Garrod,? Thurston,* Chapman,* Eyster,® Einthoven * and others have 
pointed out the relation of the duration of the systole to the heart 
rate. Lombard and Cope’ have devised a tormula by which the 
systolic length may be predicted from the heart rate. Katz,® in care- 
fully controlled animal experiments, has shown that the formula of 
Lombard and Cope may be used to predict the systolic length in animals 
whose heart rate is under 150. 

In this work the prediction of the systolic length has been under- 
taken using a modification of the Lombard and Cope formula. The 
Q-R-S-T group is taken to represent ventricular systole. Wiggers 
and Clough ® have shown that systole of the ventricle may be divided 
into two periods, the isometric period and the ejection period. The 
isometric period varies between 0.04 and 0.06 second, regardless of 
the heart rate or systolic length and is comparable to the Q-R-S group 
in that its limits of variation are narrow. Lewis' states that while 
the Q-R-S group begins before the actual contraction of the ventricle, 
the ventricular contraction has its inception sometime during the 
recording of the Q-R-S and ends within 0.03 second of the completion 
of the T. As the initial phase of ventricular activity is recorded 0.2 
second or less before the contraction, the Q-R-S-T may be taken to 
represent the period of ventricular activity with a probable error of 
less than 0.05 second. 

Lombard and Cope’ devised the formula S = — to determine the 
relation of systole to heart rate. In this formula S represents the 
systolic length in seconds, R the heart rate per minute and K a con- 
stant which they found varied with different positions of the body. 

In studying the electrocardiogram it was found that the substitution 
of cycle length in seconds for heart rate per minute greatly facilitated 
matters. The heart rate is reciprocal of cycle length and may be 


expressed by the formula R= ~ , R being the heart rate per minute 








. Garrod, A. H.: J. Anat. & Physiol. 5:17, 1871. 
. Thurston, Edgar: J. Anat. & Physiol. 10:494, 1876. 
Chapman, P. M.: Brit. M. J. 1:511, 1894. 
. Eyster, J. A. E.: J. Exper. M. 14:594, 1911. 
. Einthoven, W.: Arch. f. d. ges. Physiol. 122:532, 1908. 
. Lombard, W. P., and Cope, O. M.: Am. J. Physiol. 49:140, 1919. 
. Katz, L. N.: J. Lab. & Clin. M. 6:291, 1921. 
. Wiggers, C. J., and Clough, H. D.: J. Lab. & Clin. M. 4:624, 1919. 
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and C the cycle length in seconds. The original formula now becomes 


. 60 wr ° of . . . 

5=-—ye- To simplify the equation both sides are squared resulting 
€c 

= 602 . ra a 00 

in S?=—~@ or 0c. Extraction of the square root results in S = \° 
K? 60 K? os 


Up to this point the method followed was that suggested by Katz * in 
the plotting of his curves. 

It now becomes necessary to determine the value of K for the 
electrocardiogram. This was done by measuring the systolic and cycle 
lengths of a number of electrocardiograms from normal individuals. 
The values of S and C being known, the equation becomes K 5S = 


ner of arriving at this conclusion is shown in Table 1. 


TABLE 1.—Manner or DererMINING VALUE or K 1n Formuta KS = V60C 


























EC. G. Cycle Length Q-BR-S-T Interval 
No. Cc Ss KS—v @o hk 

y 0.59 0.30 0.3 K— vy 3.4 19.7 
12 0.78 0.33 0.33 K= y 68 20.8 

| 
17 | 0.68 0.32 02K=V 0s 20.0 
41 0.88 0.35 0.3K=VR28 20.7 

| 
7 | 0.70 0.32 0.32K=V 2.0 20.3 
56 0.80 | 0.34 0.34 K— vy 48.0 20.2 
81 0.80 0.96 0.36 K = v 48.0 19.2 
138 0.84 0.36 0.363K=V 04 19.8 
143 0.68 0.32 032K=V 08 20.0 
166 0.68 0.33 03K=V 038 19.5 





These were cardiograms of known norma! individuals. 
Average value of K is 20.02. 


Since S = vont and the value of K has been determined it is now 
possible to predict the normal duration of systole for any heart rate 
considered in this paper. The equation may now be further simplified 
and becomes S = ay Cor S = .39\/C. The last formula is the one which 
is used in this study for the prediction of the Q-R-S-T interval. 
Bazett,’ in analyzing the relation of systole to cycle length, pro- 
jected images of his electrocardiograms on a large sheet of millimeter 










10. Bazett, H. C.: Heart 7:353, 1920. 
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ruled paper. In this way very accurate measurements were made 
possible. He evolved the formula S=KyC. He found that the value 
of K was 0.37 for men and 0.40 for women. After the publication of 
Bazett’s resul@ the cardiograms used in this series were reexamined 
and it was found that approximately one third were taken from women 
and two thirds from men. 

Considering the fact that this work was done independently and by 
a different method from that of Bazett the results correspond exceed- 
ingly well. 

It is apparent, then, that ventricular systole bears a definite relation 
to heart rate or cycle length, and it is evident that this fact must be 
considered before speculating on the significance of prolonged Q-R-S-T 
intervals. Evidence is here presented to show that unusually long 
Q-R-S-T intervals may be well within the calculated limits and the 
prolongation only a relative one. Table 2 shows a number of tracings 
in which the Q-R-S-T group measures 0.40 second or more and: yet 
the calculated systole corresponds very closely with the measured one. 

A further study of this series of tracings reveals that quite another 
condition may be present. The Q-R-S.T interval may have all the 
appearance of being normal in its duration but the application of the 
formula will show that it is prolonged beyond its predicted length. It 
may be within the accepted normal limits yet absolutely prolonged. 
Table 3 records a series of cardiograms in which the Q-R-S-T interval 
falls well within the usual normal limits. None of these intervals is 
prolonged beyond 0.40 second yet each of them is prolonged 0.05 second 
or more beyond the predicted length. 

In selecting from the studied material those cardiograms in which 
the Q-R-S-T interval was definitely prolonged, none were chosen which 
did not show a prolongation of 0.05 second or more. The clinical 
conditions that seem to stand out preeminently as a cause for the 
increase in systolic length are those conditions associated with high 
blood pressure. Table 4 shows a number of tracings exhibiting this 
prolongation and in all of these cases the blood pressure is well above 
the normal. 

Meakins ** has published a series of cases in which the Q-R-S-T 
interval is prolonged and he calls attention to the frequent occurrence 
of high blood pressure. In Meakins’ work, however, the relation of 
the systolic length to heart rate has not been sufficiently emphasized 
and it will be found that many of the apparently long systolic intervals 
correspond closely to the predicted lengths. 


11. Meakins, J.: Arch. Int. Med. 24:489 (Oct.) 1919. 
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TABLE 2.—Lone Q-R-S-T Intervats Wuicw Corresponp CLosety To 
Tuer Prepicren Lenctrus 




















Q-R-S-T Interval 
Heart Cycle Deviation 
Patient Rate Length | ot Diagnosis 
Measured Caleu- Measured 
lated from 
Caleulated 
Mrs. N. 54 1.12 0.42 0.41 001+ Normal individual 
G. G. SO 1.20 O41 0.43 0.R— Norma! individual 
G. Z. 5 1.20 0.44 0.43 0M1+ Diabetes mellitus 
Cc. B. 30 2.00 0.55 0.55 0 Complete heart block 
T. L. 49 1.23 0.44 0.43 0.01+ Chronic arthritis 








TABLE 3.—Q-R-S-T Inrervats WitHIN THE Accepres Normat Limit 
Wuicn Are Protoncep 0.05 Seconp or More 
Beyonp TuHerr Prepicrep Lenctru 


Q-R-S-T Interval al mete 
| 




















E.C.G. | -Heart Cycle ee mae 
No. Rate Length } Diagnosis 
Measured Caleu- em. Se 
lated from | 
_Caleulated | 
3 8&3 0.72 0.40 0.33 0.07+ Addison's disease 
53 86 0.70 0.39 0.32 0.07 + Mitral disease 
55 77 | 0.78 0.40 0.34 0.06 + Hypertension; arteriosclero- 
sis 
» 4 0.64 0.38 0.31 0.07 + Hypertension; card ac hy- 
pertrophy 
123 90 | 0.66 0.38 0.32 0.06+ Chronie cholecystit's 
133 107 0.56 0.36 0.29 0.07 + Hypertension; uterine 
e fibroids 
14 100 0.60 0.37 0.30 | 0.07 + Diabetes mellitus 
1%” 77 0.78 0.39 0.34 0.05 + Carcinoma of stomach 
19 10 0.60 0.36 | 0.30 0.064 Lung abscess 
27 | &3 0.72 | 0.39 i 0.33 | 0.06 + Pernicious anemia 
| | 
- 


TABLE 4.—Q-R-S-T Inrervats rrom Patients With Hicu Boop Pressure 
SHOWING PROLONGED SySsTOLE 














Q-R-8-T Interval 4 
E.C.G Heart Cycle | Deviation 
No. Rate Length of Diagnosis 
Measured Caleu- Measured 
| lated from 
_Caleulated 
28 80 0.75 0.40 0.34 0.064 Hype rtvnsion; mitral steno 
| sis; S. 220, D. 104 
0 107 0.56 0.34 0.29 0.066+ Hyperten- ion: chrone ne 
| phritis; S. 210, D. 148 
45 Sa 0.68 0.38 | 0.32 0.06 + Hypertension; mitral steno 
| sis; S. 160, D. 102 
55 77 0.78 0.40 O34 0.06 + Hypertension; senile arterio- 
scleros's; 8. 199, D. 110 
” “4 0.64 0.38 0.31 0.07 4 Hypertension; arteriosel»ro 
| sis; S. 122, D. 102 
133 108 0.56 | 0.36 0.29 0.07 + Mypereensten: uterine 
fibroids; S. 200, D. 128 
163 72 0.34 | 0.41 0.36 0.05+ Hypertension: Greate ne 
| ritis; S. 202, D. 120 
191 73 0.82 0.40 0.35 005+ Hypertension: diabetes: 
150 
19% 83 0.72 | 04 0.33 0 07+ wtf S. 180, D. 100 
251 82 0.73 0.40 0.33 0.07 + Hypertension; 8. 220, D. 1 











In this table S. represents systolic pressure and D. diastolic pressure 
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Bowen ** was the first to call attention to the augmented systolic 
length in the heart working against increased pressure. In his observa- 
tions on normal individuals doing measured amounts of muscular work 
he found that as cycle length shortened with increased heart rate, the 
systolic length tended to become longer. As this observation was at 
variance with any previously reported, he carefully checked his 
apparatus to be sure that his results were real rather than apparent. 
After assuring himself of the correctness of his observations, he 
explained this phenomenon by comparing the heart to a simple pumping 
engine which slows when it meets an increased resistance. The rise 
in blood pressure which accompanies the beginning of muscular work 
furnished the increased resistance against which the heart must work. 

More recently Patterson, Piper and Starling,’* working with heart 
and lung preparations, have shown that heart volume, intracardiac 
pressure, and systolic length all increase to meet an increased arterial 
resistance. In their work it was possible to control all features so that 
the diastolic inflow could be kept at a constant level and by increasing 
the arterial resistance it was shown that the heart dilates and, in this 
process, the individual muscle fibers become lengthened. If the law 
of the heart muscle corresponds to that of skeietal muscle, that the 
energy set free on contraction depends on the initial length of the 
muscle fibers, then greater contractile stress and prolonged systole 
should result. This was found to occur in the work of Patterson, 
Piper and Starling. 

These experiments serve very well to explan the prolonged 
Q-R-S-T interval in the patients in this study exhibiting high blood 
pressure. They also serve to show that ventricular systole measured 
by the electrocardiogram may be favorably compared to that measured 
by mechanical means. 

It was observed, however, in this study, that many of the patients 
whose Q-R-S-T interval is not prolonged exhibit greatly increased 
blood pressures. Table 5 records a series of cases in which the blood 
pressure is high and yet the measured and predicted systolic lengths 
closely correspond. 

A consideration of Tables 4 and 5 demonstrates clearly that factors 
other than a simple increase in the arterial resistance must operate 
to produce a prolongation of the Q-R-S-T interval. 

In attempting to explain the lack of similarity in the behavior of 
different individuals, consideration must be given to the work of 
Wiggers ** dealing with the relation of systolic length to heart rate, 
diastolic inflow and arterial resistance. He states that the duration of 





12. Bowen, W. P.: Am. J. Physiol. 11:59, 1904. 
13. Patterson, S. W.; Piper, H., and Starling, E. H.: J. Physiol. 48:465, 1914. 
14. Wiggers, C. J.: Am. J. Physiol. 56:439, 1921. 
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systole is prolonged by increased venous inflow, whether or not this 
increase is accompanied by a rise in arterial resistance. He found 
also that increase in the arterial resistance caused prolongation of 
systole only when the pressure causing the resistance was applied on 
the aorta near the semilunar valves. When the resistance was met with 
in the peripheral circulaticn or even in the abdominal aorta no lengthen- 
ing of systole took place; indeed, the systolic length tended to become 
shorter. He concluded, further, that the duration of systole at a con- 
stant heart rate was dependent on the initial pressure in the ventricle 


rather than on the initial length of its fibers. 


TABLE 5.—Q-R-S-T Inrervats rrom Patients With HicuH Boop Pressure 
SHOWING NO PROLONGATION OF SYSTOLE 




















Q-R-S-T Interval 
E.O.G.| Heart Cycle | Deviation 
No. Rate Length | of Diagnosis 
| | Measured Calkeu- Measured 
} } lated from 
Calculated 
1 | 77 0.78 0.34 0.34 0 | Mitral and aortic disease; 
} 8. 202, D. 120 
17 | 8 0.68 0.32 0.32 0 Mitral end aortic disease; 
8. 182, D. 76 
38 70 0.88 0.37 0.36 0.01+ poets renal disease; 
. 200, D. 140 
sO | 4 0.72 0.34 0.33 0.01+ Hypertension; S. 202, D. 110 
85 | im 0.54 0.28 0.28 0 Acute alcoholism; hyperten- 
| sion; S. 162, D. 88 
103 117 0.52 0.28 0.28 0 Abscess of nose; 8. 180, D. 112 
126 96 0.62 0.31 0.31 0 | Aortic aneurysm; 8. 160, D.70 
151 63 0.96 0.38 0.38 0 | Hypertension; S. 250, D. 120 
152 81 0.74 0.34 0.34 0 | Hypertension; chronic ne- 
| _ phritis; S. 238, D. 110 
208 73 0.82 0.36 0.35 0.01+ | Aortic disease; 8. 182, D. 110 








In this table 8. represents systolic pressure and D. diastolic pressure. 


In striving to apply these conclusions to the results obtained in the 
human electrocardiogram one must enter largely into the fields of 
speculation. It is obviously impossible to measure venous inflow and, 
while increased venous pressure may be estimated easily enough, an 
increase in the venous pressure does not necessarily carry with it an 
increased venous inflow into the ventricle. It would also be very 
difficult to determine the location of the etiologic factor in the produc- 
tion of an increased arterial resistance. 

In spite of these difficulties it does not appear that increased initial 
tension in the ventricle will account for the prolongation of the Q-R- 
S-T interval in these patients. All of the patients, whose records 
appear in this report, had been carrying their vascular overload for 
a considerable period of time and they were subjected to no unusual 
stress at the time their cardiograms were made. Most of them, in 
fact, had been at rest for some time. Under these conditions it is 
improbable that there should be any increase in the initial tension in the 
ventricle for that particular heart. 
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Wiggers does not state whether the heart volume failed to increase 
when the pressure causing increased arterial resistance was applied 
at some distance from the aortic valves, but it is possible that heart 
volume would not increase if the pressure were applied for a com- 
paratively short time. 

In such an event the intervening arterial system would take care 
of the increased resistance so that there would be no increase in initial 
tension in the ventricle, as Wiggers states, and neither would there be 
increase in initial length of its fibers. 

If, however, the factor, producing the increased resistance, con- 
tinued to act. over a long period of time, such as it must in the cases 
of chronic hypertension reported here, sooner or later the increased 
tension must make itself felt in the ventricle and with the increase in 
intraventricular pressure comes an augmented initial length of its 
fibers. 

The conclusion is forced, therefore, that the duration of systole 
in hypertension is a measure of the initial length of the ventricular 
fibers and, to such an extent, a measure of its muscular dilatation. 

It is possible to determine the effect on the Q-R-S-T interval of 
rapidly rising or falling blood pressures. Such a series of cases is 
under observation at the present time and will be reported on later. 

It is probable that the variation in the behavior of different indi- 
viduals is of prognostic value but these cases have not been under 
observation a sufficiently long time to venture a definite opinion on the 
prognostic significance of the Q-R-S-T interval. ‘This will be reported 
on later. 

SUMMARY AND CONCLUSIONS 


1. It is possible to predict with a reasonable degree of accuracy 
the duration of systole in. normal individuals. 

2. Clinical conditions accompanied by high blood pressure are often 
associated with prolongation of the Q-R-S-T interval. 

3. It is probable that this prolongation is of prognostic value, but 
from the data at hand at present a definite statement may not be made. 








POSTOPERATIVE PULMONARY COMPLICATIONS * 


ELLIOTT C. CUTLER, M.D. ann ALICE M. HUNT, RN. 
BOSTON 


INTRODUCTION 


It is with some hesitation that we again present this subject.| That 
there remains, however, considerable divergence in the minds of both 
surgeons and anesthetists as to the etiologic factors, and therefore, the 
prevention and treatment of pulmonary complications there is no doubt. 
The retiring president of the American Association of Anesthetists 
stated this Spring that only 3 per cent. of anesthetists considered such 
complications as embolic in origin and in the most recent textbook of 
medicine? aspiration is put forward as the chief cause of postoperative 
pneumonia. Previous studies had led us to believe that the majority 
of these lesions are infarcts and an analysis of the cases subjected to 
operation in this clinic during the past year brings additional evi- 
dence to support this view. The recent literature contains many excel- 
lent papers in agreement with this opinion, and we feel that it is 
unfortunate that anesthetists and anesthesia should bear the blame for 
such complications when the facts would seem to exonerate both, in 
the majority of cases. 

The cases subjected to operation in this hospital during 1920 will 
form the basis for this report. Statistical reports are unquestionably 
open to criticism, the use of hospital records possibly more so than in 
other fields. For no matter how meticulously kept, when studied from 
the viewpoint of a researcher, much will be found missing. Moreover, 
let alone the fact that many of the observations are made by another 
worker, they are often inexact. This is an example of the practical 
impossibility of cooperative research. It may be said, however, that our 
previous interest in this subject * has made it possible to obviate some 
of the inaccuracies that can occur. In this clinic all patients are con- 
stantly watched for the appearance of such complications and the roent- 
gen ray is generously used as a control. Moreover, when such a lesion 
does occur an additional diagnosis card is filed away for future refer- 
ence so that all proven cases are easily available for study when desired. 

As might be expected, this arrangement has enabled us to assemble 
a steadily increasing percentage of cases. Whereas in 1916 of 3,490 
cases we" were able to identify only sixty-five with pulmonary compli- 


*From the Surgical Clinic, Peter Bent Brigham Hospital. 

1. a. Culter, E. C., and Morton, J. J.: Postoperative Pulmonary Complica- 
tions, Surg., Gynec. & Obst. 25:621, 1917. 6. Cutler, E. C., and Hunt, A. M.: 
‘ostoperative Pulmonary Complications, Arch. Surg. 1:114 (Jan.) 1920. 

2. Lord, F. T.: Postoperative Pneumonia, Nelson’s Loose Leaf System Med. 
1:296, 1920. 
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cations, during 1920 we found sixty-three cases among 1,604 cases, a 
difference in respective morbidity of from 1.86 to 3.92 per cent. This 
increasing morbidity is comparative to contemporary studies. McKesson * 
reported 3.03 per cent. morbidity among 39,438 collected cases in 1918. 
That the increasing morbidity figure is due to better records is further 
emphasized by the comparative drop in the mortality percentage.* In 
1916 our cases showed a mortality percentage of morbidity of 50.7 as 
opposed to our present figures of 7.9. The cases studied in this report 
give an approximate morbidity of 1 in every 25 cases and an approxi- 
mate mortality of 1 death in every 320 cases. Although this indicates 
a great decrease, these figures should still cause concern. 

As in previous reports, patients with bulbar palsy or a terminal 
pneumonia, in association with definitely serious or fatal primary 
lesions, are excluded. Otherwise, all patients submitted to some form 
of operative procedure under anesthesia are included. The entire field 
of pulmonary complications is again studied since it appears that such 
studies are of greater value in that the etiology is often the same in the 
many varied clinical lesions and the clinical classification is difficult 
owing to a confusion in the signs and symptoms presented. Any 
attempted comparative study of statistical reports is open to the further 
criticism that in no two clinics are the conditions the same. That is 
particularly true of this very subject, and the report of a clinic such as 
this, in which the majority of patients are from the poorer classes of a 
large city, is not suitable for accurate comparison with a clinic such as 
that at Rochester, Minn.’ Again, no comparison should be made with 
special clinics, as those given over to gynecology.® In a search, how- 
ever, for the underlying pathology, all the material can be used since it 
is probable that no matter what the type of case or operation the 
mechanism resulting in pulmonary complications is the same. 

The result of the present study appears to corroborate a previous 
report of ours’ in which embolism from the operative field seemed to 
be the chief cause of pulmonary complications. In the present report 
each case was carefully scrutinized with a view to determining the 


3. McKesson, E. I.: Some Observations on Postoperative Lung Complica- 
tions, Am. J. Surg. 32:16, 1918 (Quart. suppl. Anesth.). 

4. The comparative studies at the Presbyterian Hospital with figures for 
1898 (75), 1916 (81) and 1917 (82) show the same tendency to an increased 
morbidity and decreased mortality due to more accurate records. In 1898 
Schultze reported 0.38 per cent. postoperative pneumonias, whereas in 1916 
Whipple reported 2.6 per cent. of this complication.. 

5. a. Beckman, E. H.: Pulmonary and Circulatory Complications Following 
Surgical Operations, Mayo Clinic Papers, Philadelphia and London, W. B. 
Saunders Co., 1910, p. 594. 6. Complications Following Surgical Operations, 
1912, p. 738. c. 1913, p. 776. 

6. Pfannenstiel, J.: Ueber die Vorzuge der Athernarkose, Zentralbl. f. 
Gynak. 27:8, 1903. 
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etiology of the lesion at the time of its occurence. Roentgen ray 
studies confirm the type and extent of the majority of these lesions. 


REVIEW OF LITERATURE 


Except for recent reports the literature pertaining to this field was 
fully covered in previous studies.t. At that time reports covering the 
whole field of pulmonary complications were few although there were 
many excellent studies concerning the complications following lapa- 
rotomy and the incidence of postoperative pneumonia alone. Table 1 
includes the comparative figures for total pulmonary complications in 
the various clinics up to the present time. 


TABLE 1.—Totat Putmonary CompLicaTIons 








Pulmonary Pulmonary 
Morbidity Mortality Mortality 
eos OF 


re —- per Cent. 


No. of Per Per ot 
Clinie Author and Year Cases No. Cent. No. Cent. Morbidity 

Montreal General Hos- 

BIR, con atintionkcboke Armstrong," Bscscccce 2,500 55 22 b 3d 1.28 68.1 
Von Eiselberg, Vienna ey 9 Pcsccainens* eve 6,871 23 3.8 
Combined statistics... Von Lichtenberg, ® i908. 23,6738 40 19 
Mayo Clinie *.......... Beckman,™ 1910........... 8,657 41 1.12 9 0. 21.0 
Mayo Olinie *.......... Beckman, 1912........... 5,885 ® 1.57 6 0.10 65 
Mayo Clinic *.......... Beckman,® 1913........... 6,825 87 1.27 0 0.00 0.0 
Massachusetts General 

Hospital............. Cutler and Morton,"* 1917 3,490 65 1.86 33 0.4 0.7 
Combined statistics... McKesson," 1918........... 89,438 oe 3 03 1.06 
Peter Bent Brigham 

(as Cutler .y a 1» 1920.. 1,562 55 3.52 11 0.7 20.0 
Pec cacconcece DOSER FP Tce cc ce ccesece 5.976 6 1.2 29 0.5 20 
Peter Bent Brigham 

Mee cecccwsavace Cutler and Hunt, 1921... 1,604 68 3.92 5 0.31 7.93 





* Amended to include pulmonary embolism. 


The chronologic order of the data in this table demonstrates 
graphically the increasing morbidity with its concomitant decrease in 
mortality. The figures of Decker alone disagree. The reason for this 
ippears to be a failure to include minor complications. It is indeed 
almost impossible to arrive at accurate data unless each case is studied 
from this vjewpoint and checked, at the time of occurrence, for future 
reference. 

The discussion of the etiology of these complications has brought 
to light two opposing views,—one, that the anesthetic and the other that 
embolism plays the chief role. That inhalation anesthesia produces 
some irritation, and that the aspiration of mouth contents occurs there 


Armstrong, G. E.: Remarks on Lung Complications After Operations 

with Anesthesia, Brit. M. J. 1:1141, 1906. 

8. Ranzi, E.: Ueber postoperative Lungenkomplikationen embolisher Natur, 
Arch. f. klin. Chir. 87:380, 1908. 

9. Lichtenberg, A.: Die postoperativen Lungenkomplikationen, Centralbl. 

d. Grenzgeb. d. Med. u. Chir. 11:129, 1908. 

10. Decker, H. R.: Postoperative Complications and Sequels of the Res- 

ratory Tract, Penn. M. J. 24:391, 1921. 
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can be no doubt (Hoelscher ** and Kelly '**). That a perfectly smooth 
inhalation anesthesia reduces such undesirable sequels is vigorously 
upheld ( Poppert,’* Offergeld,** von Lichtenberg,’* Ladd and Osgood,'’ 
Magaw,"’ Bevan,"* Kroenlein,’® Keen,?° Herb,** Henderson **). This, 
however, fails to explain why, with local anesthesia, the proportion of 
such complications is equally high (Gottstein,?* Mikulicz,** Henle *° 
and Sauerbruch*). It also fails to explain why with anesthesia in 
expert hands these complications continue to occur." 

The statement? that aspiration is the chief cause of postoperative 
pneumonia is not proven by the facts. There is an increasing mass of 
evidence demonstrating the frequency of postoperative embolism and 
its relation to pulmonary complications. W. J. Mayo* states that 


11. Hoelscher, R.: Experimentelle Untersuchungen iiber die Entstehung der 

Erkrankungen der Luftwege nach Aethernarkose, Arch. f. klin. Chir. 57:175 
1898. 

12. Kelly, R. E.: Anesthesia by the Intratracheal Insufflation of Ether, 
Brit. M. J. 2:112, 617, 1912. 

13. Poppert: Experimentelle und klinische Beitrage zur Aethernarkose und 
zur Aetherchloroform Mischnarkose, Deutsch. Ztschr. f. Chir. 67:505, 1902. 

14. Offergeld: Lungenkomplikationen nach Aethernarkosen,. Arch. f. klin 
Chir. 83:505, 1907. 

15. Lichtenberg, A.: Experimenteller Beitrag zur Frage der Entstehung der 
Pneumonie nach Narkosen, Miinchen. med, Wchnschr. 53: 1906. 

16. Ladd, W. E., and Osgood, G.: Gauze-Ether, or a Modified Drop Method 
with Its Effects on Acetonuria, Ann. Surg. 46:460, 1907. 

17. Magaw, A.: A Review of Over Fourteen Thousand Surgical Anes- 
thesias, Surg., Gynec. & Obst. 3:795, 1906. 

18. Bevan, A. D.: The Choice and Technic of the Anesthetic, Tr. Am. Surg 
Assn. 33:21, 1915; 29:177, 1911. 

19. Kroenlein, R. V.: Discussion, Verhandl. d. deutsch. Gesellsch. f. Chi: 
34:131, 1905. 

20. Keen, W. W.: The Dangers of Ether as an Anesthetic, Boston M. & 
S. J. 178:831, 1915. 

21. Herb, I.: Ether: Simplicity in Its Administration, J. A. M. A. 66:137: 
(April 29) 1916. 

22. Henderson, F.: Ether Anesthesia, Collected Papers Mayo Clinic, Phila 
delphia and London, W. B. Saunders Co., 1913, p. 701. 

23. Gottstein, G.: Erfahrungen iiber lokale Anasthesie in der Breslaue: 
Chirurgischen Klinik, Arch. f. klin. Chir. 57:409, 1898. 

24. Mikulicz, J.: Die Methoden der Schmerzbetaubung und ihre gegenseitige 
Abgrenzung, Verhandl. d. deutsch. Gesellsch. f. Chir. 30:560, 1901. 

25. Henle: Die Methoden der Schmerzbetaubung und ihre gegenseitig 
Abgrenzung, Verhandl. d. deutsch. Gesellsch. f. Chir. 30:240, 1901. 

26. Sauerbruch, F.: Der Stand der Klinischen und Operativen Chirurg: 
Beitr. z. klin. Chir. 122:234, 1921. 

27. This statement will be objected to by many. Only let these consider that 
in most large institutions and especially in those from which reports com 
anesthesia is in really expert hands now. Yet these complications continue 
Also let them take into consideration that a betterment of operative techn: 
has also taken place and consider that a reduction in such complications ma) 
be due to this factor quite as well as to the improvements ir the administra 
tion of anesthesia. 

28. Mayo, W. J.: Mortality and End Results.in Surgery, Surg., Gynec. & 
Obst. 32:97, 1921. 
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minute septic emboli from the operative field are a common cause of 
secondary pulmonary complications. He laments that these complica- 
tions are too frequently attributed to the anesthetic, and says that they 
are quite as frequently found in cases in which local anesthesia is 
employed. The recent illuminating papers of Ochsner and Schneider,” 
Hampton and Wharton,*® Capelle,** McCann * and Rupp * demon- 
strate both the mechanism of thrombosis and embolism subsequent to 
operation and the great frequency of this condition as a source of pul- 
monary complications. These ideas are by no means of recent origin, 
ind a study of the papers by Zahn,**, Miller,** Gebele,** Otte,** Zur- 
elle,** Homans,** Michaelis,“° Henderson,*' Grant ** and Eisenreich “ 





reveals statistics and studies in support of this view. Zahn’s paper, 
written in 1897, discusses the part passive congestion in the lung during 
peration may have as increasing the liability to infarction. In addi- 
tion to such direct contributions are the many excellent reports both 
linical ** and experimental on fatal pulmonary embolism and _ pul- 
monary infarction. The experimental and pathologic studies of pul- 


29. Ochsner, A. J., and Schneider, C. C.: Fatal Postoperative Pulmonary 
lhrombosis, Ann. Surg. 72:91, 1920. 

30. Hampton, H., and Wharton, L. R.: Venous Thrombosis, Pulmonary 
nfarection and Embolism Following Gynecological Operations, Bull. Johns 
Hopkins Hosp. 31:95, 1920. 

31. Capelle: Einiges zur Frage der Postoperativen Thromboembolie, Beitr. 

klin. Chir. 119:485, 1920. 

32. McCann, F.: Suggestions for the Prevention of Postoperative Throm- 
osis and Embolism, Brit. M. J. 1:277, 1918. 

33. Rupp, A.: Postoperative Thrombose und Lungenembolie, Arch. f. klin. 
Chir. 115:672 (March) 1921. 

34. Zahn, F. W.: Ueber die Folgen des Verschliissens der Lungenarterien 
nd Pfortaderaste durch Embolie, Verhandl. d. Gesellsch. deutsch. Naturforsch. 
. Aerzte 19:9, 1897. 

35. Miller, R. B.: The Significance of Postoperative Pleurisy: Its Relation 

Pulmonary Embolism, Am. Med. 4:173, 1902. 

36. Gebele: Ueber Embolische Lungen Affektionen nach Bauchoperationen; 
Eine klinisch-experimentelle Studie, Beitr. z. klin. Chir. 43:251, 1904. 

37. Otte, A.: Ueber die postoperativen Lungenkomplikationen und Throm- 
osen nach Aethernarkosen, Miinchen. med. Wchnschr. 54:2473, 1907. 

38. Zurhelle, E.: Thrombose und Embolie nach Gynakologischen Operationen, 
\rch. f. Gynak. 84:443, 1908. 

39. Homans, J.: Postoperative Pulmonary Complications, Bull. Johns Hop- 
kins Hosp. 20:128, 1909. 

40. Michaelis: Zur Frage des Praemonitorischen Symptoms von Thrombose 
nd Embolie, Ztschr. f. Geburtsh. u. Gynak. 70:285, 1912. 

41. Penderson, F.: St. Paul M. J. 16:74, 1914. 

42. Grant, H. H.: Thrombophlebitis and Pulmonary Embolism, Mississippi 
Valley M. J. 30:217, 1918. 

43. Eisenreich, O.: Embolism After Gynecologic Operations, Monatschr. f 
Geburtsh. u. Gynak. 53:190, 1920. 

44. Wilson, L. B.: Fatal Postoperative Embolism, Collected Papers Mayo 
Clinic, Philadelphia, W. B. Saunders & Co., 1912, p. 727. 
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monary infarction are well covered by Welch,*® McCallum, Karsner 
and Ash ** and Karsner and Austin.** That these postoperative lesions 
are usually situated in the lower lobes, more frequently on the right side 
than on the left, and thus comparable to pathologic studies on embolism 
and infarction may be carried as an additional argument for this mecha- 
nism. Indeed, to one familiar with the literature it is difficult to accept 
aspiration as the chief factor in such complications unless infarction 
can be disproved. The papérs referred to present excellent discussions 
of the clinical signs and suggest prophylactic measures. With these 
ideas both our studies of 1919 and 1920 seem to agree and bring addi- 
tional proof. 

Etiologic factors other than the two cited may be considered of 
secondary importance. A focus of pulmonary disease existing at the 
time of operation unquestionably is the cause, at times, of a subsequent 
complication. The flare-up of a quiescent tubercular lesion or of an old 
bronchitis under inhalation anesthesia is unquestioned. Such lesions, 
however, do not always light up, and the fact that equally following 
operations under local anesthesia activity may be stirred up suggests 
the possibility of embolism as the direct cause even in such cases. The 
fact that the embolus reaches an already injured field makes its influ- 
ence the more marked. 

The importance of sepsis as a secondary factor cannot be denied, 
and there are cases with septic abdominal lesions in which, following 
operation, the lung is involved by direct extension. That a lymphatic 
avenue is open for such extension has been shown by the anatomic 
studies of Sabin,** Cunningham *® and Miller.** | The importance of 
sepsis both in the initiation of and the setting free of thrombi is an old 
story. The danger which it adds to embolism is manifest. Many cases 
of lung abscess following tonsillectomy usually have been thought to be 
due to the inhalation of mouth infectious material owing to position. 


45. Welch, W. H.: An Area of Coagulative Necrosis Resulting from Shut- 
ting Off of the Blood Supply in an Infarct, Papers and Addresses, Baltimore, 
The Johns Hopkins Press 1:110, 1920. 

46. McCallum, W. P.: Infarction, A Textbook of Pathology, Ed. 2, Phila- 
delphia and London, W. B. Saunders & Co., 1920, p. 33. 

47. Karsner and Ash: Studies in Infarction, Experimental Bland Infarc- 
tion of the Lung, J. M. Research 22:1912-1913. 

48. Karsner and Austin: Studies in Infarction, J. A. M. A. 57:951 (Oct. 
10) 1911. 

49. Sabin, F. R.: The Method of Growth of the Lymphatic System, Science 
New York 44:145, 1916. 

50. Cunningham, R. S.: On the Development of the Lymphatics in the Lungs 
of the Pig, Proc. Am. Assn. Anat., Anat. Rec. 9:69, 1915. 

51. Miller, W. S.: Some Essential Points in the Anatomy of the Lung, Am 
J. Roentgenol. 4:269, 1917. The Vascular Supply of the Pleura Pulmonalis 
Am. J. Anat. 7:389, 1908. 
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The recent report of W. B. Porter ** concerning such lesions following 
local anesthesia, and his suggestion of the logical embolic route is of 
interest in this relation. And Burnham’s** paper on pleurisy and 
empyema evidences the importance of a septic focus. In all his cases 
in which empyema developed the original operation was for a septic 
abdominal lesion. 

Acidosis has been considered as having an influence in the produc- 
tion of these lesions. There has been, however, no satisfactory expla- 
nation of the mechanism by which this produces its effect, and some 
investigators ** have denied its existence. It is possible that where 
asphyxia is produced there is some acidosis, and thereby the natural 
resistance to infection is lowered. Whether this is due to the anesthetic * 
or to the effects of the operation ** is unknown. 

Chilling and cold possibly produce some effect in a similarly remote 
manner. The work of Miller and Noble,®” Hill ** and Mudd and Grant ** 
would appear to show that there is some lowered resistance to infection 
with chilling. Moreover, such clinical investigators as Boothby,*° 
Homans,®* Keen,” Armstrong,’ Gerulanos,** and Decker * have felt 
that either external exposure or chilling by cold wet packs during opera- 
tion played a part in the subsequent pulmonary complications. 

These factors, by the production of a lowered immunity, may open 
the body to attack by organisms commonly present. That Group IV 
pneumococcus is commonly found in these cases (Whipple ** and Cleve- 


52. Porter, W. B.: Pulmonary Abscess Following Tonsillectomy Under Local 
Anesthesia, Virginia M. Month. 47:606 (March) 1921. 

53. Burnham, A. C.: Postoperative Pleurisy with Effusion and Empyema, 
Surg., Gynec. & Obst. 19:468, 1914. 

54. Caldwell, G. A., and Cleveland, M.: Observations on the Relation of 
Acidosis to Anesthesia, Surg., Gynec. & Obst. 25:22, 1917. 

55. Carter, W. S.: Effect of Ether on the Alkali Reserve, Arch. Int. Med. 
26:319 (Sept.) 1920. Collip, J. B.: Effect of Surgical Anesthesia on the 
Reaction of the Blood, Brit. J. Exper. Path. 1:282, 1920. Jeanbrau, E., Cristol, 
P., and Bonnet, V.: Anesthesia and Acidosis, J. d’urol. méd. et. chir. 11:505 
(May-June) 1921. 

56.°"Farrar, L. K. P.: Acidosis in Operative Surgery; Occurrence During 
Operation and Its Treatment by Glucose and Gum Acacia Given Intravenously, 
Surg., Gynec. & Obst. 32:328, 1921. 

57. Miller, J. A., and Noble, W. C.: The Effects of Exposure to Cold on 
Experimental Infection of the Respiratory Tract, J. Exper. M. 24:223, 1916. 

58. Hill: The Influence of the Atmospheric Environment on the Respira- 
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land “*), might seem to be additional evidence that this mechanism 
existed. It should, however, be recognized that Group 1V pneumo- 
coccus is Commonly found in normal mouths (Stillman,** Dochez and 
Cole *). Provided, that a focus of pulmonary disease already existed, 
this lowered resistance might enable organisms present to get a start 
and thus a more virulent mixed type of infection might occur.** 

It is difficult, however, to appreciate the importance of such sec- 
ondary factors, and a!so that aspiration is the chief factor, when it is 
so well known that the experimental production of pneumonia by the 
bronchial route is extremely difficult. Blake and Cecil’s* studies 
alone seem to be successful by this method, except when enormous 
dosage has been used. 

The foregoing facts may be taken as a defense of inhalation 
anesthesia and anesthetists. It is astonishing that so few of the latter 
have attempted their own defense when the general concensus of 
opinion now definitely favors embolism as the chief factor in the 
production of these lesions. The earlier reports on “ether pneumonia” 
cast a most unjust opprobrium on the anesthetic. That venous throm- 
bosis, fatal pulmonary embolism and pulmonary infarction are common 
there can be no doubt. McCallum * and Welch ** have given admirable 
descriptions of the underlying pathology. The right lower lobe is most 
frequently the site of both these clinical lesions and the pathologic types 
recorded. Moreover, infarction can be the only explanation in cases 
in which local anesthesia is used. Why search for additional factors 
when the pathologic and clinical studies emphasize the importance and 
frequency of embolism, and when the clinical picture is far more fre- 
quently of the type ascribable to this factor? 

As is shown in the cited reports, and as the cases presented later 
show, the onset in the majority of these cases is abrupt, dissimilar to 
the onset of infection elsewhere, and the subsidence, except when the 
embolus has arisen in a septic field or landed in a focus of pre-existing 
pulmonary disease, is almost equally rapid. Moreover, the symptom 
of pain, the small areas involved and the typical lobular distribution of 
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the lesion, with often cone-shaped roentgen-ray shadows, is so striking 
as to leave little doubt as to the kind of lesion present. 


PRESENTATION OF MATERIAL 


From Jan. 1, 1920, to Jan. 1, 1921, 1,604 cases ® in this clinic were 
submitted to some form of operative procedure under anesthesia. 
Sixty-three of these patients developed a pulmonary complication that 
might be attributable to the operative intervention or to the anesthetic. 
(here were five deaths among these sixty-three cases. In addition five 
ther patients died with pulmonary lesions following operation, but 
three of these sufferéd from bulbar paralysis due to intracranial lesions 
nd two were old men, admitted “in extremis,” with septic genito- 
irinary lesions, who, after some simple emergency intervention devel- 
ped septicemia with its concomitant terminal pneumonia. It appears 
nly fair to remove such cases from this discussion. Thus in 3.93 per 
ent. of the cases (one in twenty-six) a complication developed and 0.3 
per cent. (1 in 321) patients died from one of the complications. 

The conception that small emboli from the operative field are the 
chief etiologic factors makes the classification simpler. All cases in 
which this mode of occurrence was obvious can be placed in a distinct 
class. We have elected to term these, cases of pulmonary infarction. 
(he further divisions are, lobar and bronchopneumonia, bronchitis, 
pleurisy, pulmonary embolism, empyema, lung abscess and cases in 
which there has been exacerbation of a tuberculous lesion. 

We found that unless a separate division was made for the embolic 
ases the greatest difficulty in classification arose. Thus many lesions, 
in which this mechanism was obvious, simulated partly pleurisy, there 
being pain and a friction rub, and partly, pneumonia, since a small 
patch of consolidation was demonstrable both on physical examination 
and by the roentgen ray. In this report, therefore, we have placed in 
the class termed infarction all those cases in which the mechanism of 
embolism was undoubted (excepting the typical fatal pulmonary 
embolism cases). Ranzi* called these small embolic lesions embolic 
pneumonia, a somewhat confusing pathologic term. In the other classes 
ve feel there must be also some cases in which embolism was present, 
ut either the presence of sepsis in the wound or a preexisting pul- 
monary lesion so confused the picture that classification as infarction 
vas not justifiable. 

Pathologists regard as pulmonary infarction only those lesions that 
go on to coagulative necrosis. Thus they may object to this nomen- 
lature. The mechanism of these minor infarctions, however, is the 


68. This does not include cystoscopies, dressings and the applications of 
plaster cast unless anesthesia was employed. 
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same as with larger coagulative necrotic lesions and certainly both in 
etiology and pathology the lesions are more nearly infarction than true 
pneumonia. Observers in the past, including ourselves, by classifying 
such lesions as pneumonia have certainly not clarified the issue. It is 
our hope that the submitted evidence in regards to such lesions will lead 
others to adopt the same classification. If this is followed it would 
appear thet a better understanding of pulmonary complications as a 
whole must result. 


TABLE 2.—Morsipiry ANp Morratity or VArious COMPLICATIONS 








Approxi- Approxi- 
Mortality mate mate 
Perecen- Morbidity Mortality 








No.of Morbidity No.of tage of per 100 per 100 
Complications Cases Percentage Deaths Morbidity Cases Cases 
Lobar pneumonia.... 1 0.06 1 100 1:1604 1:1604 
Bronchopneumonia 7 0.43 1 14.2 1:229 1:1604 
Bronchitis 16 0.9 0 0 1:100 0 
Exacerbation of tuberculosis. ... 2 0.12 0 0 1:304 0 
BP cv ccecccccccesecscceccoecee 2 0.12 0 0 1:304 0 
Rn nn teceseqovbsecoseseess 1 0.06 1 100 1:1604 1:1604 
Pulmonary infarction............ 32 1.9 0 0 1:50 0 
Pulmonary embolism....... oreee 2 0.12 2 100 1:304 1:504 
Be nadccecscccccccovesss 63 3.92 5 7.93 1:25 1:320 





Table 2 depicts the great preponderance of infarction cases. The 
freedom of this group from fatalities will be discussed later. It is clear, 
however, that in these cases death is due either to a large pulmonary 
embolism (a separate class) or to septic lesions. Here the confusion in 
the picture may place the case in the pneumonia or bronchitis class. 

The infrequency of true lobar pneumonia is striking and further 
emphasizes the general tendency in the more accurate recent studies 
wherein lobar pneumonia is shown gradually to be disappearing as a 
postoperative lesion. This is especially true when the clinical findings 
have been verified by roentgen-ray studies. The reason for this lies 
in the mechanism of its production, i. e., embolism rather than infection. 


Lobar Pneumonia.—There was only one case this year in which the 
complication was of the lobar pneumonia type. It is only fair to state 
that without the roentgen-ray studies we should have misplaced even this 
one case among the bronchopneumonias. 


History. — Patient, 50 years of age, was operated on for an indirect left 
inguinal hernia under procain. Local anesthesia was used since the past his- 
tory and physical examination indicated an already damaged lung. Three years 
previously the patient had suffered from a severe attack of pneumonia and 
ever since had been much troubled with asthma and frequent attacks of pleurisy. 
Moreover, physical examination of the lungs demonstrated relative dulness in 
the right upper lobe and many sonorous and musical rales throughout the 
entire right chest. Within two days following operation there was evident 
difficulty in breathing and some productive coughing. This increased and the 
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temperature and respiratory rate began to climb. By the fourth day post- 
operative there was a demonstrable area of consolidation in the right lower 
chest. Roentgen-ray studies on the eleventh day showed that all three lobes 
were uniformly involved, another roentgen-ray examination made on the 
eighteenth day showed beginning resolution in the upper and lower lobes but 
no change in the middle lobe. Shortly following this the urinary output 
diminished and the patient’s general condition rapidly deteriorated. He died 
n the thirtieth day after operation. 

This case is presented in some detail because it is both typical and 
atypical ; typical in that a pre-existing focus of pulmonary disease flared 
up into a serious and fatal complication ; atypical in that the lesion was 
lobar rather than lobular. Indeed, were it not for the excellent roent- 
gen-ray studies, we had sufficient other clinical evidence to designate it 
a bronchopneumonia. The explanation of the fatality must lie in 
some connection with the previous attack of pneumonia, the patient's 
individual susceptibility and the possibility that he still harbored a 
malignant organism. One may suppose, however, that in the absence 
of inhalation irritants, emboli from the field of operation may have 
been the means of stirring into activity an already prepared focus of 
disease. 

Bronchopneumonia.—We have placed seven cases in this group. 
All cases showed multiple areas of consolidation at some period follow- 
ing operation. There was one fatality. The anesthesia was gas-oxygen 
in four cases and ether in three. In two of the gas-oxygen cases, a 
little ether was given for added relaxation while opening the abdomen. 
In the straight ether cases, the open mask method was used twice and 
the Connell machine with an intranasal pharyngeal tube once. The 
operations were: laparotomy, six times, three times for appendicitis and 
once each for gastric ulcer, salpingitis and hydronephrosis, and 
craniotomy for extracerebellar acoustic neuroma once. The latter case 
ended fatally. The well known relative predominance of such com- 
plications with abdominal operations is thus exemplified. 

The cranial case was of unusual interest to us in that we have 
rarely observed pulmonary complications in such cases, except when 
there has been ninth nerve involvement, which apparently was not 
present in this case. However, following a long, tedious, suboccipital 
operation this nerve may, to some extent, have been injured. The patient 
was 47, a good risk and did well following operation until the seventh 
day when without previous intimation there was a sudden rise in pulse, 
temperature and respiration. Bilateral basal bronchopneumonia prog- 
ressed steadily until death on the twenty-fourth day postoperative. The 
sudden onset, although without pain, suggests the possibility of embolic 
origin of the complication. The large vessels encountered in such 
explorations are an obvious source of such thrombi. 
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The other six cases have both sepsis and abdominal section in com- 
mon, a well recognized dangerous combination. The three appendix 
cases were all acute either with abscess or perforation, the case of 
salpingitis was equally acute, a large pyosalpinx having ruptured and 
given the signs of a general peritonitis, and the gastric ulcer case with a 
sleeve resection for a pyloric lesion certainly holds infectious possibili- 
ties. The lungs were clear before operation in all but one case. The 
complications were confined to the bases in all cases, bilateral in one 
case, left side twice and at the right base three times. The time of 
onset varied from immediately following operation to the end of the 
first week. It should be said, however, that in all septic cases the 
recognition of a concomitant complication is always delayed and difficult 
because of the already existent picture of disease. [n two cases only was 
the onset of the complication striking from a study of the chart. One 
of these began on the second and one on the eighth day after operation. 
The majority of these patients had a productive cough due, apparently, 
- to a mild associated bronchitis. Thé presence of sepsis makes it diff- 
cult to explain the underlying etiology. It does not seem reasonable, 
however, to suppose that aspiration has produced this untoward effect 
only in such septic cases and the lobular rather than lobar distribution 
of the lesions gives us encouragement to believe that minute septic 
emboli may be at the bottom of the trouble in these cases. Or the 
infection may have progressed by direct extension. 

Bronchitis —In this group are sixteen cases, and, as a whole, they 
form a very distinctive picture. The whole field of surgery is covered, 
both septic and aseptic; six patients were operated on for hernia; the 
other operations, except for one each on the breast and thigh, were for 
varying abdominal conditions. Septic lesions were present in more 
than half the cases, and the patients were of all ages and both sexes. 
Ether was given in eleven cases and gas-oxygen in five. 

In eleven cases there was evidence of previously existent pulmonary 
disease either in the past history or in the physical examination. This 
usually was a chronic, intermittent, troublesome bronchitis. And this 
appears to be of the greatest importance. There are undoubtedly many 
cases among all pulmonary complications, like those in this group, in 
which the development of complications can justly be charged to the 


69. See the excellent papers of Bibergeil,” Lawen™ and Robb and Dittrick “ 
in which the high percentage of such complications following laparotomy is 
demonstrated and discussed. 

70. Bibergeil, E.: Ueber Lungen Komplicationen nach Bauch Operationen, 
Arch. f. klin. Chir. 78:339, 1905. 

71. Lawen, A.: Ueber Lungenkomplikationen nach Bauchoperationen, Beitr. 
z. klin. Chir. 50:501, 1906, 

72. Robb and Dittrick: Pulmonary Complications Following Abdominal 
Operations, Surg., Gynec. & Obst. 3:51, 1906. 
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anesthetic. In such cases the irritation of a pulmonary anesthesia is 
sufficient to flare up a quiescent lesion. However, it must be under- 
stood thoroughly that the existence of such a focus does not always 
entail postoperative disease. By making roentgenograms in a large 
series of cases before and after operation, irrespective of signs and 
symptoms, we have been able to prove to ourselves that many times 
such foci are present before operation and yet undergo no demonstrable 
change after inhalation anesthesia. Just what the criteria are that 
determine whether a case shall become active is not clear, but the fact 
that in three of these sixteen cases the sudden and late onset of the 
disease pictured the symptomatology of small emboli may mean that 
in a certain proportion of these lesions, clinically recognized as 
bronchitis, the flare-up is due to minute emboli from the operative field 
that land in an already prepared area. In one of the cases classified 
here as bronchitis an uneventful convalescence occurred until the eighth 
day when a careful physical examination, done to explain a rise in tem- 
perature, revealed a few rales at the base of the right lung. Such a 
case might possibly have been better classified under pulmonary 
infarction. 

The majority of cases in this group are typical of postoperative 
bronchitis, showing an immediate respiratory distress with a good deal 
of cyanosis, frothy sputum and widespread rales. The upright position 
and warm vapor inhalation proves of much benefit. In cases in which 
any cardiac damage is suspected digitalis may be of assistance. 
Exacerbation of Tuberculosis—There are two cases in this year’s 
complications in which, subsequent to operation, an acute pulmonary 
tuberculosis developed. One patient had acute appendicitis, the other 
had tuberculous lymphadenitis. In the appendix case ether was given 
as the examination had revealed no pulmonary disease; in the second 
case, both the physical signs and a chest roentgenogram gave warning 
and gas-oxygen was used. Both patients developed almost immediately 
following operation the signs of bronchopneumonia which were cor- 
roborated by roentgen-ray studies which also confirmed the presence 
of chronic lesions in the apices. Such a flare-up must be expected in 
a certain percentage of patients with this condition. These cases are 
presented here to emphasize the importance of pre-existent nontuber- 
culous pulmonary disease as exemplified in the bronchitis group of 
cases just discussed. Thus, a warning is sounded concerning casual 
pre-operative pulmonary examination. In all such cases the anesthetic 
of choice is local; next choice, gas-oxygen. 

Pleurisy—Because of our adoption of infarction as a class of pul- 
monary complication we find that the simple pleurisy class is very small 
llowever, it seemed wisest that the embolic lesions resulting in symp- 
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toms that chiefly resemble pleurisy should be grouped with those larger 
lesions that sometimes resemble pneumonia. We have, therefore, only 
classified two cases this year as pleurisy. These are both of the serous 
type and due to direct extension of infection from intra-abdominal 
disease.°° One case occurred in a case of splenic abscess and one in a 
case of high retrocecal appendix. At a late period during convalescence 
respiratory pain led to a chest examination with the subsequent finding 
of a straw colored fluid in both cases. In one organisms (strepto- 
coccus) were present and the chest was repeatedly aspirated. Both 
patients made good recoveries and were discharged well. 

The etiology of such cases is manifestly direct extension through 
the diaphragm. The work of Sabin ** and Miller ** demonstrates the 
avenues along which such extension may occur. 

Empyema.—One case of postoperative empyema occurred. The 
case was one of cholelithiasis (common-duct stone) in a man, aged 72. 
Apparently because of insufficient local resistance an abscess developed 
in the field of operation, gravitated down to the kidney and then spread 
upward until a large subphrenic abscess formed. This finally ruptured 
into the pleural cavity. The mechanism of the etiology in this case is 
exactly that causing serous pleurisy, only more obvious and direct. It 
needs no explanation. 

Pulmonary Infarction—We have placed thirty-two of the total 
sixty-three complications in this group. The great relative size of this 
group needs explanation for it is somewhat of a diversion from the 
accepted classification of postoperative pulmonary disease. To all, 
however, who are familiar with the difficulties of such classifications, 
this group will be well understood. 

In the past there have been many excellent papers on the embolic 
origin of these complications. In most of such these lesions of embolic 
origin, unless fatal, have been termed pneumonia. There have 
remained, however, certain minor lesions, quite evidently of the same 
origin, which have been designated pleurisy, and further, certain of the 
cther classes of complication, as empyema and lung abscess, have been 
known to be embolic in origin. We have long felt that the present 
method of classification was unsatisfactory. Evidently, such lesions 
are not a true pneumonia, and, furthermore, there were many border- 
line cases which we found the greatest difficulty in classifying as either 
pneumonia or pleurisy. Morever, as will be shown later, these cases 
form a group with a rather typical clinical picture. The onset is usually 
abrupt, the physical signs are characteristic, and the subsidence is sud- 
den, except when the emboli have arisen in a septic field. As discussed 
above under pneumonia, sepsis in the wound obscures the onset, the 
typical picture and the subsidence of such lesions. When septic emboli 
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are present, the clinical picture may simulate pneumonia or lung abscess 
may result, but when the clot is sterile, the resultant changes are char- 
acteristic of minor pulmonary infarction. 

There are no fatalities in these thirty-two cases. All ages and both 
sexes are included. All but seven cases were laparotomies. The other 
operations were one each for varicose veins, cancer of the tongue, 
cancer of the breast, urethral stricture, tonsillectomy and two cranial 
explorations. Anesthetic: procain, once; gas-oxygen, seven times; 
ether, twenty-four times. 

The clinical picture of all cases bears a close relationship. The 
onset may occur from the second day to the third week, usually with 
sudden pain on respiration, followed by expectoration in about one-half 
the cases. The sputum is often blood tinged. Preceding the onset of 
symptoms there.is usually a rise in pulse, temperature and respirations, 
and with the pain these may increase. Immediate auscultation of the 
chest reveals one or more small areas filled with fine rales over which 
there is some impairment of breath sounds and, if the focus is suffi- 
ciently large, some change in fremitus. When pain is present a friction 
rub may be the most distinct sign. However, it must be remembered 
that although this is a characteristic sign when present it is so only 
because it creates pain and thereby directs attention to that part. A 
friction+rub results only when the area of the infarct reaches the 
periphery of a lobe, and it must be understood if we are to recognize 
all these lesions, that some of the smaller thrombi do not cause suffi- 
ciently large infarcts to do this. 

We have long felt that infarction can occur early or even imme- 
diately on recovery from operation. Cases have been observed in 
which characteristic signs were present on recovery from ether with 
chest pain, friction rub, bloody sputum and a demonstrable area of con- 
solidation both by physical signs and the roentgen ray. In this year’s 
series the onset in twenty-one of the thirty-two cases was within the 
first four days and in six cases it was within twenty-four hours. 

Roentgen-ray studies should always be made and are often of the 
greatest value. Invariably they will demonstrate small areas of con- 
solidation which from time to time will take the form of a cone-shaped 
shadow with its base out. Roentgen-ray studies, morever, should be 
made immediately, since these lesions chiefly represent merely a change 
in blood distribution and soon clear up. The adjustment to normal is 
omplete, as a rule, within six or seven days. 

In order to demonstrate more completely our conception of these 
lesions, the following cases with their charts and roentgen-ray studies 
are presented. 
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REPORT OF CASES 


Case 1 (P. B. B. H. Surg. No. 13020).—J. B., aged 25, single. 

Diagnosis—Right indirect inguinal hernia. 

Operation —Aug. 25, 1920, procain, 1 per cent.; Dr. Cutler. On the first 
day after operation the patient complained of severe pain in his back; his tem- 
perature kept rising and there was evident respiratory difficulty. Morphin and 
digitalis were administered to control pain and coughing. Examination of the 
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Fig. 1—Case 1. Clinical chart. 


chest showed small areas in both lungs in which there was slight dulness 
increased voice sounds and a few rales with some increase in tactile fremitus 
Within ten days these signs had all disappeared. Unfortunately no roentgen-ra 
studies were made until the twelfth day postoperative but even as late as that 
a subsiding bronchopneumonic process in the right lower lobe was demonstrable 
Discharged well (Figs. 1 and 2). 
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This case was unusually severe. It is presented because of its 
immediate occurrence following operation. That emboli can actually 
take place during operation we fee! satisfied and have known a patient 

» come out of the anesthetic with chest pain, a demonstrable friction 
rub and spitting up blood tinged sputum. The rough use of retractors 


surely could endanger a patient to this extent 





Fig. 2—Case 1. Chest plate 
J 


Case 2 (P. B. B. H. Surg. No. 13387).—A. H. McM., aged 33, married 

Diagnosis —Varix femoral vein 

Operation.—Exploration, Oct. 16, 1920; ether; Dr. Homans. Convalescenc: 

rmal until the eighth day after operation when the patient complained of 
a slight cough, and there was a beginning rise in pulse, temperature and res- 
pirations. Examination of the chest revealed a small patch of impaired reso- 
nance, bronchovesicular breathing and rales in the back on the left side below 

e angle of the scapula. Within ten days all these signs had subsided, but 
i roentgen-ray examination made on the seventeenth day after operation showed 
i spotty consolidation in the left upper and lower lobes. Discharged well 
Figs. 3 and 4) 
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In this case, a sudden lesion appeared in a healthy young man eight 
days after a simple incision over the left femoral vein. 


Case 3 (P. B. B. H. Surg. No. 13544).—D. D. B., aged 43, married. 


Diagnosis —Duodenal ulcer. 
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Fig. 3—Case 2. Clinical chart 
Operation.—Cauterization of ulcer; posterior gastro-enterostomy, Nov. 22 
1920; gas-oxygen-ether; Dr. Cheever. Convalescence undisturbed until the 
eighth day after operation when the patient complained of pain in the right 
chest on breathing. Examination showed a friction rub, increased breath 
sounds and a few rales at the level of the angle of the right scapula. The 
temperature, respiration and pulse rate began to climb and all physical signs 
became more marked. There was no sputum. The leukocyte count rose t 
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15,000. On the eleventh day after operation a roentgen-ray examination showed 


definite pneumonic process involving the middle and upper lobes on the right 
ten days (Figs. 5 and 6) 


side. The entire picture cleared up in 
Case 4 (P. B. B. H. Surg. No. 12932).—E. A. H., aged 48, married 


Diagnosis —Pyonephrosis in right kidney 


Operation. — Right nephrectomy, Aug. 13, 1920; gas-oxygen; Dr. Quinby 
Convalescence uninterrupted until the fifth day postoperative when the patient 
mplained of pain in the right lower chest. Examination of the lungs was 














Fig. 4—Case 2. Chest plate 


ive although there was a slight rise in pulse rate emperature and res- 
ions. Two days later auscultation revealed rather distant breath sounds 
! a questionable rub. There also was some limitation in the diaphragmati 
irsion and diminished resonance \ roentgen-ray examination on the 
nteenth day after operation revealed a resolving pneumont patch involy 

he lower right lobe. From this time on improvement was rapid and t 

t was free from symptoms and signs when discharged thirty days after 


ion (Figs. 7 and 8 


[he explanation of why kidney operations sometimes result in pul 


nary complications on the same side is not clear, except when there 


iIrect extension of an infectious lesion, as when em 


pyema occurs. Is 
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it possible that the manipulations on that side damage the lung some- 
what so as to render it more susceptible to infarction? Or is it merely 
because pulmonary lesions usually involve the lower lobes? We have 
seen such complications in the opposite lung from the site cf operation. 
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Fig. 5.—Case 3. Clinical chart. 


Case 5 (P. B. B. H. Surg. No. 13363).—A. T. S., aged 23, single. 

Diagnosis —Acute appendicitis. 

Operation.—Appendicectomy ; no drainage, Oct. 18, 1920, ether, Dr. Jameson 
Convalescence uninterrupted and unusually clear until the seventh day after 
operation when the patient complained of sudden severe pain in the right 
side of the chest and within a few hours he expectorated some bright blood- 
stained sputum. The temperature rose somewhat and respirations climbed 
markedly. Examination of the chest revealed a small patch behind the angle 
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the scapula in which there were medium moist rales No other signs were 
onstrable and the whole picture subsided in three days \ roentgenogram 
ade on the eleventh day after operation showed an increase in the shadow at 
the hilum on the right side and a little fluid at the base of the right lung 


} 
} 


ihe patient was dis harged well on the fifteenth day (Figs. 9 and It 


[his case presents a more ideal picture of this group as a whole 


than the preceding ones \ll the cases, however, present different 


spects, and include operations under the chief anesthetics 





Fig. ¢ Case 3 Ch t piate 
Pulmonary Embolism There are two fatal cases of pulmonary 
bolism in this year’s series \ man, aged 67, operated on for 
ostatic hypertrophy, died on the third day after operation; a woman, 


ged 55, operated on for ulcer of the stomach, died on the twenty third 


, three days after getting out of bed. A necropsy was held in both 
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cases, and the emboli were demonstrable in the pulmonary arteries. 
There is no need for any discussion concerning this frightful com- 
plication. We would, however, like to call to mind that granted that 
such large emboli occur, the mechanism for the manufacture of smaller 
ones must be the same and probably they occur with far greater 
frequency than in the large ones. 
PETER BENT BRIGHAM HOSPITAL 
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Fig. 7.—Case 4. Clinical chart. 
DISCUSSION 

The material presented would appear to indicate that a large pro- 
portion of postoperative pulmonary complications are caused by 
embolism from the operative field. This opinion, which we have pre- 
viously attempted to substantiate *® is in agreement with a large propor- 
tion of the studies in this field."* It is, however, by no means generally 
accepted and curiously enough not by the anesthetists whom it 
attempts to defend! Preexistent pulmonary disease appears to be the 





77. Consult introduction and review of the literature cited. 
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next most important factor. Such lesions are usually brought to activity 
through the irritation of an inhalation anesthetic and result in bron- 
chitis or pneumonia. It is only in this type of case that the anesthesia 
has been proven at fault. The presence of sepsis in the operative field 


and the location of the operation are often important secondary factors 


[hey do not, however, offer an explanation as to the mechanism by 





which the lung is injured. The further secondary factors of chilling, 
acidosis and seasonal incidence bear a varying relation in each case 

The arguments favoring embolism are: (1) the typical clinical pi 
ture, with sudden onset, focal signs, and, unless sepsis is present, rapid 
subsidence ; (2) the fact that these complications occur frequently with 
local anesthesia; and (3) that they occur in a definite proportion 


wccording to anatomic divisions, these divisions being those kept in 
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greatest mobility and giving easy access by blood and lymphatic chan- 

nels to the lung.** In favor of inhalation irritation is (1) the evidence 

that aspiration into the lung of the mouth contents does occur during 

anesthes:a; (2) that Group IV pneumococcus, a common mouth inhab- 
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Fig. 9.—Casz 5. Clinical chart. 


itant, is most frequently found in these cases and (3) the many reports, 
including our own, that in certain cases with a pre-existing pulmonary 
disease inhalation anesthesia seems to have caused a flare-up of such a 
lesion. 

74. Mandl, F.: Postoperative Lung Complications, Wien. klin. Wehnschr. 
34:214 (April 28) 1921. 


















\lthough under anesthesia the aspiration to the lung of mouth con 


tent undoubtedly occurs, there is no great proof that it effects any great 


pathology \ll surgeons will recall execrable anesthesias with blue, 
coughing, vomiting patients. And yet, in how many such cases did 


pulmonary complication develcp? If this were the chief factor, why 


is it that with the increasing perfection of the technic of anesthesia 


such complications continue to be found? And what is the explanation 
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Fig. 10 ase > Chest plate 


for those cases occurring with local anesthesia? That Group IV pneu 


g 
mococcus is found in the sputum in such cases is no proof that a tru 
neumonia has occurred for it has been shown that many norma! 
ouths harbor this organism Morever, the enormous volume of 
experimental pneumonia work does not reveal much success with 


nhalation infection except with doses so large that the conditions are 
t — 


t comparable to what might actually occur. Blake and Cecil’s work 


monkeys stands out almost alone, for the successful production of 
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pneumonia with small doses. Those who would blame inhalation 
anesthesia must bring more evidence to substantiate their hypothesis, 

Of the sixty-three cases with complications reported in this series, 
only thirteen gave evidence of a pre-existing pulmonary lesion. More- 
over, control roentgen-ray studies demonstrated that many persons 
with such lesions take inhalation anesthesia without any bad effects, 
whereas in more than 50 per cent. of the reported cases a typical pic- 
ture of mild pulmonary infarction is presented. 


' 
’ 





Fig. 11.—Incidence of postoperative pulmonary complications by decades. 


Against the influence inhalation anesthesia may have in the produc- 
tion of these lesions are the facts, (1) that they occur equally when the 
anesthesia is in the most skillful hands; (2) that they occur with local 
anesthesia and, (3) that they occur in a greater relation to the mobility 
of the part than can be explained on any irritation hypothesis. With 
irritation, the presence of Group IV pneumococcus and a pre-existing 
pulmonary lesion one might expect a lobar distribution were this the 
true mechanism of these complications whereas lobar pneumonia 
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proved to be a rare lesion in this study. 
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The part that the predisposing, accessory and secondary factors 
play is not clear. Chilling can be ruled out in a well ordered clinic.’ 
The production of a real acidosis is still under dispute. If it does exist 
we might expect some lowering of the resistance to infection.** That 
the majority of the complications have occurred during the middle 
decade when individual resistance is at its best is not in keeping with 
this theory. 


> 2 3 
4 8 & 





Fig. 12.— Seasonal variations in postoperative pulmonary complications: 
open circle, number of operations per month (the number at the side should 
be multiplied by 10); solid circle, number of pulmonary complications per 
month; circle and dot, percentage of pulmonary complications per month. 


In a previous study *» the material presented demonstrated the great 
frequency of such complications with abdominal operations and the 


75. Mandl™ reports that during the winter 1919-1920 in Hochenegg’s clini 
in Vienna no coal was available and that the percentage of postoperative com- 
plications increased markedly. Such complications, however, do occur in the 
most luxuriously appointed clinics. 

76. Hamburger, H. J.: Researches on Phagocytosis, Brit. M. J. 1:37, 1916 
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cases this year bear out the general comparison. The incidence in this 
restricted field has been so striking that there have been many excellent 
studies concerning it. Table 3 demonstrates the number of complica- 
tions in relation to the field of operation. 


TABLE 3.—Comptications 1N Retation To Fie_p or OPERATION 


Pulmo- Pulmo- Exacerba- 
Lobar Broncho- nary nary tionof 
Pneu- Pneu- infare- Bron- Pleu- Empy- Embo- tubercu- 
Operative Field monia monia tion chitis risy ema lism losis Totals 
Cs tccocnnnnenin os 1 2 és 3 
Breast iecxaéwieutiet as . 1 1 2 
ae eerre “s 1 2 2 on en : } 
Upper abdomen........ - 1 4 5 1 1 1 13 
Lower abdomen: 
D, SO ickecde+cece 3 3 1 1 § 
2. Inguinal hernia... . 1 . 6 4 ee i 
5) =e - 1 7 2 10 
4. Bladder (prostate) 1 1 2 
a ae 1 - 1 
Serotum.... geseews ° ‘ 1 1 
Lower extremity....... aa ; = 1 1 
Varicose veins... és 3 : 3 
Si Maadiineenensudsns 2 2 
eee 1 1 
BE: cendeann aecgeenienghdheeneesedadsesddessieeekads sense sata ntessdeedektomeneenbean 63 


This table demonstrates again that the preponderance of such com- 
plications follow abdominal operations. In this series forty-three of 
the sixty-three cases followed celiotomy (68 per cent.). Casually, it 
might not appear that infarction would be more common with abdom- 
inal operations and yet there are certainly several reasons favoring this. 
The anatomic studies of Sabin have demonstrated the free lymphatic 
drainage. But what of the blood supply? <A large part of the intra- 
abdominal vascular tree drains to the portal system and must be 
excluded. The generally accepted higher incidence of such complica- 
tions with epigastric lesions led us to believe that it was the incision in 
the abdominal wall itself which was most important, and the fact that 
this year two patients on whom an exploratory laparotomy was per- 
formed developed typical infarcts would seem to uphold this. The 
greater mobility of the parts due to respiratory movements is the direct 
cause for setting free the emboli, and the use of retractors, often used 
with great force in laparotomies, is an added danger. Furthermore, it 
has appeared that when great gentleness in traction was exerted and 
where perfect hemostasis and accurate closure was practised the 
incidence has been lessened. It is, however, quite possible, as we have 
previously indicated, that by the transfer of particles through the larger 
lymphatics pulmonary changes resulting in the signs of infarction 
occur. Mandl ** reports that pulmonary complications in 1,379 lapa- 
rotomies reached 14.5 per cent., whereas 1,585 operations elsewhere 
yielded 8.5 per cent. complications. These figures are higher than our 
own but are relatively the same. 


ee 


ss tg Smee 














CUTLER-HUNT—POSTOPERATIVE LUNG LESIONS 


PETER BENT BRIGHAM HOSPITAL 


ANAESTHESIA CHART A 
Name ... . Ward Age Date of Operation 
Lungs . Heart 
Urine - Blood Pressure --vrmeemeefectal Temperature 
Operator ° ist Assist ........... Peliminary Drugs 
Operation Anaesthetic . Amount 


Method of Administretion 







































































Time of starting anaesth.. beginning of op. removal of ahacsth.. end close of op wo be recorded oo chart 
ee Sie | roe | | it Ee eee Oe sot eee 
‘ons | te | Om | i 
Pom. | Prem 
ered raed BP 
ae | 
so | 170 |} ——-++- -___-- 4-4, —____. ——_}— 
ne | 
10 lee 
tw 
« | a+ + — —— +———_+— 
100 
be 48 
wo 
« | ue }+———— + - —}-~—+ + 
“ 120 | 
170 
as | 1008 }-——+ ——T + —+ ———+} — -—- 
ir) | 
wo | 100 
se | 
57] y ——_+____+___ +—_—_—_—_}+— + - =m RaeE 
1 } 
te i) | } 
ue | | | | 
u “sere 
ue } | } 
uj\@« | } | 
ue } } 
te se — ——— — —— — + <% OT ——— 2s aa eee 
toe | | | 
sj;@ 
a” | 
‘ we eae $$$ +} $$$ —_____} —— 
v7 | 
‘ 20 
oO | | 
2 it} + t --fo—- +--+ 
ww | | 
ee ® } | | 
| | | 
CODE)—@ PULSE RATE; © RESPIRATION RATE; V SYSTOLIC AND DIASTOLIC BLOOD PRESS, X PULSE PRESS. 
Sub t thesia :-— . ae sececcereces cocee: ercecee . ° -- ° — 





Condition on leaving operating room:—... 


Fig. 13.—A, front of chart used to record progress of anesthesia 
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In the material presented this year there are no cases in which we 
feel that aspiration or irritation due to the anesthetic was the chief 
causal element, except in those cases in which a pre-existing pulmonary 
lesion had been demonstrated. Thus, in the bronchitis and tuberculosis 
group there is no doubt that the inhalation anesthetic is to be blamed in 
many of the cases, but certainly not in all, for these complications also 
occurred with local anesthesia. And, moreover, a routine series of pre- 
operative and postoperative chest plates demonstrated the roentgen- 
ray evidence of pre-existing disease in which sometimes no change 
occurred after operation under inhalation anesthesia. 

















POST OPERATIVE OBSERVATION: 

Rectal temp. on arrival in recovery TOOT .....-.0-e-ces-eeeeene Time taken ......... 
Conscious at Pain 
Nausea Vomiting 
Restless seen Cough Exp 




















BED SIDE NOTES (for Gret 4 hours kept below). 


Fig. 14.—B, reverse of anesthesia chart. 


Through the successive years during which we have been interested 
in this subject the roentgen ray has steadily proved an increasingly 
valuable and reliable adjunct to accurate diagnosis. The opportunities 
to put it to more extensive use during 1920 have not only enabled us 
to make more accurate diagnoses and to pick up doubtful cases but have 
given us a greater insight into pulmonary conditions and, in particular, 
the frequency, type and reaction to inhalation anesthesia of such pre- 
existing foci of pulmonary disease. These studies have proved to our 
satisfaction that without such controls the classification and study of 
these complications is difficult and incomplete. 

A study of the distribution of the complications resulting from 
infarction, embolism and pneumonia, shows twenty-five situated in the 
base of the right lung, eleven in the base of the left lung and six 
bilateral. If the lesions were irritative and infectious, it is unusual 
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that involvement of the upper lobes never occurred. Welch states that 
pulmonary infarction is most common in the lower lobes, more fre- 
quently right than left. 

Figure 11 demonstrates the incidence of pulmonary complications 
by decades. Figure 12 shows the seasonal variations and Table 4 
shows the types of complications in relation to the various anesthetics. 
There is little to be said about any of these findings. Obviously the 
majority of complications occur in the fourth decade as the majority of 
patients are that age. It should be remembered that pneumonias of 
either type are more frequent in the first two decades and the fifth 
decade (Osler and Macrae). The seasonal chart shows no striking 
segregation in relation to climatic conditions. Table 4 shows that about 
one half as many cases received gas-oxygen as ether. This alone, how- 


ever, is not convincing since obviously those with pre-existing pul 
TABLE 4—AnestHetics Usep 1n Various ComMPLIcATIONS 


Gas-Oxygen 
Complications Ether and Ether Gas-Oxygen Procain Totals 
Lobar pneumonia........ 0 0 0 1 1 


Bronchopneumonia.. ; 4 l 2 0 7 
Bronchitis. . . . 11 0 5 0 16 
Exacerbation of tuberculosis.. 1 0 1 0 2 
Pleurisy..... . dietetic’ 0 0 2 0 2 
Empyema......... sesaan 1 0 0 0 1 
Infarction..... — 24 0 7 1 $2 
Pulmonary embolism ai 0 0 2 0 2 

Totals.... eee onseee 41 1 19 2 63 


monary signs were usually given gas-oxygen. That only two complica- 
tions occurred with procain is exceptional although not far from pro- 
portionate to the total use of this anesthetic in this clinic and the fact 
that local anesthesia is rarely used in abdominal operations excludes 
this added predisposing factor in the local anesthesia cases reported. 
Of the total 1,604 operations, 875 were performed under ether, 546 
under gas-oxygen, 179 under procain, 2 under chloroform and in two 
cases no anesthesia was used. The morbidity percentage is 4.6 per cent. 
for ether, 3.5 per cent. for gas-oxygen and 1.1 per cent. for procain 
The difficulties of assembling accurate data have been somewhat 
mitigated by the use of the chart shown in Figures 13 and 14 which is 
reproduced in the hope that the few clinics which have not as yet 
adopted some such form may be !ed to use one. We have found the 
data contained on this chart of the greatest value—(1) in ensuring a 
careful anesthesia, and (2) for all kinds of follow-up work and case 
studies. It has the great value of providing the anesthetists with suffi- 
lent work so that their attention is never side-tracked to the operation 
r to other activities in their proximity. 


77. Osler, W., and Macrae, T.: Lobar Pneumonia, Mod. Med. 1:202, 1913. 
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As a further postoperative protection all patients are kept on the 
operating room floor, in separate recovery rooms and under constant 
observation until fully conscious. This does away with the possible 
danger which may come from transporting unconscious patients 
through draughty corridors and from the more active risk of reaching 
a short-handed ward where they cannot be under constant observation 
during the period of recovery. 

The condition known as massive collapse of the lung first described 
by Sir John Bradford ™ has recently through the papers of Scrimger ** 
been brought into the category of postoperative pulmonary complica- 
tions. In Scrimger’s last paper he reports seven such cases in 540 
operations. The routine anesthetic of chloroform-ether is used. His 
patients soon after operation developed sudden respiratory distress, 
pain and cough. Roentgen-ray studies revealed marked displacement 
of the heart to the affected side. Recovery usually occurred within 
twenty-four hours. The etiology of this condition is not known, pos- 
sibly it is due to inhibition of the diaphragm or to vagal influences 
causing contraction of the muscular elements of the lung. Mortimer ~’ 
places great stress on respiratory movements and states that the lower 
lobes may collapse when movements of the diaphragm are restricted 
either by pain or bandages. This condition deserves greater study and 
necessitates control roentgenograms. It has not been observed in this 
clinic.** 


SUMMARY AND CONCLUSIONS 


Postoperative pulmonary complications are due in the majority of 
cases to embolism from the operative field. The result is pulmonary 
infarction or fatal pulmonary embolism. The latter is a rapidly fatal, 
well recognized clinical picture. The former is caused by the trans- 
mission to the lung of a small thrombus or many thrombi with resultant 
characteristic clinical picture. This consists of sudden pain, expectora- 
tion, often blood tinged, the elevation of respiration and pulse rates and 
temperature, and the signs of a focal consolidation often overlaid by 
a friction rub. These patches are demonstrable by the roentgen ray, 
provided such studies are made at once. There usually follows rapid 
defervescence and the subsidence of all symptoms within a week. 





78. Bradford, Sir J. R.: Massive Collapse of the Lung, Oxford Medicine, 
New York, and Oxford University Press 2:127, 1920. 

79. Scrimger, F. A. C.: Postoperative Massive Collapse of the Lung, Surg. 
Gynec. & Obst. $2:486, 1921. 

80. Mortimer, J. D.: Med. Press & Circ. 108:505, 1919. 

81. Schultze, E. C.: A Report of Twenty-Seven Cases of Pneumonia Fol- 
lowing the Inhalation of Ether and Chloroform, Med. & Surg. Rep. Presby- 
terian Hospital, N. Y. (Jan.) 1898, p. 311. 
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The causes of infarction are (1) trauma; (2) the mobility of the 


part; (3) sepsis. The prognosis in this group is excellent. 

Irritation and aspiration due to inhalation anesthesia may be the 
ause of a small percentage of postoperative pulmonary complications. 
[hese usually fall into the bronchitis or pneumonia groups. Inhalation 
anesthesia rarely results in such lesions unless there is present a pre- 
existing pulmonary disease such as a chronic bronchitis, incipient tuber- 
culosis or a definite tendency towards pulmonary disease. 

The fact that these complications occur with local anesthesia, with 
inhalation anesthesia in the most expert hands and in a definite relation 
to the mobility of the operative field is taken as evidence against the 
importance of the irritation of inhalation anesthesia in the production 
of these lesions. 

Anesthetists and anesthesia should not bear the blame for these 
complications. 

There is as yet no proof or evidence that chilling or acidosis plays 
any appreciable role in this field. 

A reduction in the number of cases that result in these complica- 
tions can be had by (1) a reduction in trauma at operation; (2) accu- 
rate hemostasis; (3) the careful control of sepsis and (4) the use of 
great caution in operating upon patients who have demonstrable pul- 
monary disease. A high fluid intake and all general precautions giving 
assistance to the circulatory apparatus will be of definite value once 
such complications are established. 

We are greatly indebted to Dr. Lawrence Reynolds, roentgenologist of the 


Peter Bent Brigham Hospital, for his excellent plates, fluoroscopic studies and 
operation. 








THE PATHOLOGY OF CIRRHOSIS OF THE LIVER 
AN HISTORIC-PATHOLOGIC STUDY 


FREDERICK EPPLEN, M.D. 
SPOKANE, WASH. 


Cirrhosis of the liver is a chronic, recurring, probably focal, possibly 
diffuse degeneration or necrosis of the parenchymatous cells of the 
liver, modified by concurrent and intercurrent periods of regenerative 
proliferation of the parenchyma, with connective tissue replacement 
of destroyed areas. Acceptance of this definition and any concept that 
cirrhosis of the liver is a disease entity are incompatible. The granu- 
lar liver, with its associated splenic tumor and portal stasis, is as 
surely a consequence of some preceding disease as the cyanotic indura- 
tion of the liver and lungs and edema are the consequences of chronic 
valvular heart disease. That disease is the degeneration or necrosis 
of the liver cells, a process, the clinical manifestations of which are 
as yet unknown. 

The question arises: Are we concerned with a single disease result- 
ing in this picture, or are there many entirely different processes which 
eventuate in the same ultimate anatomic picture? Further, and perhaps 
more important, is the question whether the primary disease has its 
seat in the liver, or whether that organ is involved only secondarily 
or in association with some other organ, as for example, the spleen. 
The varying clinical pictures under which cirrhosis may manifest itself, 
particularly with reference to its onset, and still more, its etiology, 
makes it seem reasonable to assume that the end-result called cirrhosis 
of the liver can be produced by a variety of primary clinical processes. 
Accepting its association with other diseases, the second question may 
be reasonably assumed to be correctly answered when it is stated that 
it may be primary in the liver or may be secondary to (or associated 
with) disease in some other organ. Of course, this statement might, 
with equal accuracy, be made the other way around, namely, that this 
pathologic picture may exist alone or it may produce lesions in other 
organs. Perhaps, both are true. For example, it might be secondary 
to changes in the spleen in Banti’s disease, while the brain lesion in 
Wilson’s disease might be dependent on the liver pathology. 


ETIOLOGY 

The intimate relationship of the etiology and pathogenesis of cir- 
rhosis is sufficient reason for a brief resumé of the usual etiologic 
factors concerned in Laennec’s cirrhosis, especially since this relation- 
ship is here particularly interesting and apparently insoluble. 
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The term “alcoholic cirrhosis” applied so universally to the hob- 
nail liver characteristic of Laennec’s cirrhosis is not altogether justi- 
fiable. Alcohol is undoubtedly closely associated etiologically with the 
great majority of cases; and that alcohol alone can produce the disease 
has apparently been proved experimentally by many workers. Grover * 
published the most recent work on experimental alcoholic cirrhosis, 
and has made an admirable collection of the literature. He concludes 
that alcohol given to experimental animals over a long period of time 
can produce a degeneration of liver cells followed by connective tissue 
proliferation. He concedes that other processes may be associated, but, 
if so, their nature is so obscure that their modus operandi is not known. 
Saltykow * produced cirrhosis of the liver by injecting alcohol into the 
ear vein of rabbits. Fahr* and Schafer* were successful in similar 
experiments. Kyrle and Schopper * produced parenchymatous changes 
and fatty degeneration in all cases of repeated introduction of alcohol 
by intravenous, subcutaneous and gastric routes. In seven cases there 
was necrosis of portions of the lobule and replacement fibrosis; in 
fourteen cases there was round-cell infiltration in the portal fields, and 
in seven others, there was connective tissue proliferation with bile 
duct formation. The livers of three rabbits showed typical Laennec’s 
cirrhosis. 

Not all workers, however, were able to produce cirrhosis in experi- 
mental animals. Pogenpohl,® Klopstock,” von Baumgarten* and 
Bischoff * were notably unsuccessful. All agreed, however, that alco- 
hol was productive of extensive fatty degeneration. 

Lancereaux,’® who studied the etiology of cirrhosis of the liver for 
many years, concluded that cirrhosis could be produced by substances 
used as preservatives and to give certain wines an especially “dry” 
flavor. He had particular reference to potassium bisulphate with which 
salt he was able to produce Laennec’s cirrhosis by feeding it to animals. 

MacCallum, in his last textbook (1916), is very emphatic that it 
has not been demonstrated experimentally that alcohol produces cir- 
rhosis. If a large number of chronic alcohol addicts be studied, only 
a very few will be found to suffer from cirrhosis. He states that all 
sorts of degenerations may take place, both in experimental alcoholism 


1. Grover: Arch. Int. Med. 17:193 (Feb.) 1916. 

2. Saltykow: Verhandl. d. deutsch. patholog. Gesellsch. 15:228, 1910; 
Zentralbl. f. allg. Path. u. path. Anat. 22: 1910. 

3. Fahr: Virchows Arch. f. path. Anat. 217:397, 1911. 

4. Schafer: Virchows Arch. f. path. Anat. 215: 1913. 

5. Kyrle and Schopper: Virchows Arch. f. path. Anat. 215:359, 1913. 

6. Pogenpohl: Virchows Arch. f. path. Anat. 116:466, 1909. 

7. Klopstock: Berl. klin. Wehnschr. 47:1532, 1910. 

8. Von Baumgarten: Verhandl. d. Deutsch. path. Gesell., 1907. 

9. Bischoff: Ztschr. f. Exper. Path. u. Therap. 11:445, 1912. 

10. Lancereaux: Bull. de l’Acad. de méd. Par. 74:15, 1910. 
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in animals and overindulgence in man. Since MacCallum has been 
one of the particularly deep students of cirrhosis, his statements are 
of especial value. He calls attention to the work of Longcope, who has 
produced changes very closely resembling cirrhosis of the liver by the 
injection of proteins and by other experiments suggesting some form of 
protein sensitization or intoxication as the best explanation. Mac- 
Callum’s ultimate conclusions are, that what we see as cirrhosis at 
the necropsy table is scar tissue and efforts at regeneration and that 
there are many processes which can lead to them. 

These observations greatly accentuate the difficulty of establishing a 
clear-cut pathogenesis, particularly if one tries to accept the theory that 
cirrhosis of the liver is essentially secondary to some toxic process in 
the portal zone. 

There are, however, so many etiologic factors other than alcoholism 
operative that this is only the beginning of confusion. Warthin recently, 
before the Portland Academy of Medicine, expressed the belief that 
some day it would or might be proved that cirrhosis was the result 
of the joint action of syphilis and alcohol. At that time he stated that 
he had demonstrated Spirochaetae pallidae in two such livers examined 
Syphilis as an etiologic factor was the subject of a recent paper by 
Symmers.*? 

Malaria is immediately suspected in malarial districts. This ma) 
be a relic of the days of pure empiric medicine; the enlarged spleen 
of both diseases furnishing the empiric resemblance. However, malaria 
has not yet been entirely swept from the paragraphs on etiology, even 
in relatively recent articles. 

The outstanding objection to alcoholism as the only etiologic factor 
is that we see so many cases in which there is not the slightest suspicion 
of alcoholic abuse. Indeed, the patient from whom the liver presente: 
was taken, was a total abstainer, and so it is in many other case 
histories. It will be interesting to note whether the present prohibition 
law will cause this disease to diminish, or whether, in the perversity 
of things, the illicit brews and distillations, at present so frequently 
heard of, will actually continue to be a factor. Perhaps, their vicious 
nature and impurities will lead to a greater morbidity with reference 
to cirrhosis among drinkers than ever. before. 

Recently Miller,’* in discussing this question, published figure- 
which show a definite decrease in the admission of cases of cirrhosis 
of the liver to Cook County Hospital since prohibition went into effect 
July 1, 1919. He feels, however, that some of the reduction in the 
number of cases admitted to the hospital may have been due to the 
influenza epidemic raging at that time, during which the hospital wa; 


11. Symmers: Internat. Clin. 2:58, 1917. 
12. Miller: J. A. M. A. 76:1646 (June 19) 1921 
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closed to all but acute cases. More time must elapse and illicit vending 
be better controlled -before the effect of prohibition can be estimated 
accurately. 

It is possible that a particular type or degree of gastro-enteritis 
must be produced by alcoholism before cirrhosis can develop. On this 
basis we can also explain those cases in which alcohol was not indulged 
in, on the assumption that an identical or very similar gastro-enteritis 
s produced by other etiologic factors, for example, the custom of 
pepper and curry eating in India. Cirrhosis then follows as it does 
iter that of alcoholism. It does not, however, explain those cases of 
experimental cirrhosis in which alcohol was administered subcu- 
taneously and intravenously. 

As in all chronic degenerative diseases, infection is being spoken 

more and more in recent literature as a possible etiologic factor 
n cirrhosis, and there is much to commend this hypothesis. In search- 
ng the literature we found this etiology mentioned by Raoul Gaston ** 
as early as 1893. He believed that he had established an infectious 
origin for some cases which followed prolonged infectious diseases. 


lis interpretation was that an inflammatory infiltration had occurred 
bout the radicals of the portal vein, and thus precipitated the disease. 


is to be noted that at that time the disease was believed to be primary 
the connective tissue. 
The etiology of no chronic degenerative disease would be complete 
nless some mention be made of chronic metabolic or digestive toxi- 
ses. They are visionary, indeed, and yet possess an alluring appeal 
so many diseases, and especially in connection with cirrhosis, that 
hey cannot be dismissed entirely, theoretical though they be at present. 
‘articularly appealing is the assumption that the poison responsible for 
his disease may be produced in the spleen. 

Tabulate the clinical types of Laennec’s cirrhosis and the all- 
mprising single etiologic factor at once disappears. 

1. Laennec’s Cirrhosis in Topers——These are so predominant in 
umbers that alcohol becomes overwhelmingly the greatest single 
ctor. 

2. Laennec’s Cirrhosis, Where Alcoholism Clearly Was Not a 
ctor —The etiology of these cases is entirely unknown. They are not 
) rare as is generally assumed, and are most common in women and 
hildren. 

3. Banti’s Disease-—By definition Banti described this as a certain 
type of anaemia, plus Laennec’s cirrhosis and splenomegaly in which 
the etiology must be unknown. If the victim of this disease is a 
chronic alcoholic Banti’s disease may not be used as a designation. 


13. Gaston, Raoul: Thésé de Par., Du Foie Infectieux, Paris, 1893. 
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4. Diabéte Bronzé; Cirrhose Pigmentaire —Clearly this is a definite 
clinical entity. It is perhaps an event in the course of some other 
disease, but for that matter the same may be said of Banti’s disease. 

5. Progressive Lenticular Degeneration (commonly called Wilson's 
disease **). Here we have a rare familial nervous disease occurring 
during the years of adolescence in individuals who are not addicted to 
alcoholic excess, frequently not even to occasional indulgence. The 
etiology is entirely unknown. 

Cirrhosis is occasionally found by surgeons unrelated to the condi- 
tion which called for the operation and apparently of no immediate 
clinical importance.** So, too, it is often accidentally found at necropsy, 
apparently not the cause of death nor even contributory. However, 
some caution should be exercised in brushing aside a cirrhosis of the 
liver as an “accidental finding” at necropsy. This is exactly what 
occurred in the first case of progressive lenticular degeneration found 
at necropsy at the National Hospital for the Paralyzed and Epileptic 
in London, only to be resurrected from the archives years later by 
Wilson, who then properly classified it and placed it in his series 
reported in Brain in 1912. Howard and Royce ** narrowly missed 
making the same mistake in their case. It is just this association with 
other apparently more important anatomic findings that makes such 
“accidentally” found cirrhoses interesting and at the same time 
extremely puzzling. 

PATHOGENESIS 

The older theories located the origin of the disease in the connective 
tissue stroma, a chronic interstitial hepatitis. Assuming that the disease 
was more or less acute in its earlier stages, and that all acute inflamma- 
tory processes are associated with edema and hyperemia, the swollen 
liver of early cases was thus readily explained. As the disease 
progressed it became more chronic, hence more productive and the 
cellular elements of the connective tissue proliferated, sooner or later 
insinuating themselves between the liver cells in the lobule, gradually 
snaring them off. As the new tissue acquired age it began to contract, 
reducing the size of the liver simultaneously by contraction and by 
pinching the liver cells to death, lessened parenchyma meaning lesser 
volume. In younger individuals the snaring process was likely to take 
larger bites of tissue, while in older individuals small areas would be 
surrounded, so the theory stated. Hence we had multilobular and 
unilobular cirrhoses, both terms now very little used, the former being 
reserved by some writers for the end-result of syphilitic hepatitis in 
children. 


14. Wilson: Brain 34:295, 1912. 


15. Mayo: J. A. M. A. 70:136 (May 11) 1918. 
16. Howard and Royce: Arch. Int. Med. 24:497 (Nov. 15) 1919. 
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This theory of the pathogenesis of the disease did not take into 
consideration the incongruity of assuming a special connective tissue 
vulnerability in the liver as compared with that of other parenchymatous 
organs. No other organ was known to suffer an inflammatory disease 
in its supporting structures with secondary destruction of the paren- 
chyma. Indeed, it is a well known law that a tissue is vulnerable in 
direct proportion to its specialization. 

Furthermore, pathologists of that day did not understand the regen- 
erative powers of parenchymatous organs and particularly those of 
the liver. Ponfick ** was the first pathologist to experiment on the 
regenerative power of the liver. He found that as much as four-fifths 
of the liver of dogs could be removed with subsequent regeneration to 
normal size. Considering that the liver normally has an enormous 
surplus of tissue as a margin of safety, its regenerative power after 
experimental extirpations is but another manifestation of its marvel- 
ously large margin of safety. 

In 1894, Marchand ** reported a case of acute yellow atrophy 
terminating in “multiple nodular hyperplasia.” The patient, a woman, 
aged 28, was brought to the hospital moribund, therefore an accurate 
history was not available. It was ascertained, however, that she had 
had “catarrhal jaundice” for several months, during part of which 
time she had a swollen abdomen and legs, and that in the last few days 
she had become suddenly and seriously ill. The skin was yellowish 
and there were some small ecchymoses in the conjunctiva. 

At the necropsy the liver was found greatly reduced in size, with 
a hobnail surface, the eminences ranging in size from that of a pea to 
a cherry. The elevated areas were pale reddish yellow in color, the 
depressions dark red. On cut section areas of yellowish liver tissue 
were seen with a reddish structure intervening and predominating, the 
former elevated, the latter depressed. Acinus markings were not to 
be seen in the nodules. Marchand gives a critical analysis of the 
pathologic anatomy and histology of this liver, reaching the conclusion 
that the process could not be a cirrhosis, because of the nature of the 
dark red structure between the nodules of liver cells, a technical study 
that must be read in the original to be appreciated. His conclusion 
was that he had before him “a liver presenting changes which can leave 
no doubt that we are dealing with the residua or results of a so-called 
He mentions a similar case published by Klebs, 


’ 


acute yellow atrophy.’ 
which “showed anatomically in extenso the picture of a typical red 
atrophy of the liver whereas the clinical course of the disease had 


“ 


been that of a chronic, possibly recurrent type of the disease.” 
17. Ponfick, quoted by Kretz: Verhandl. d. Deutsch. path. Gesellsch. 8 
18. Marchand: Beitr. z. path. Anat. u. z. allg. Path. 17: 1894. 
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Marchand’s concluding paragraph freely translated, states that 
we have 
the very unusual example of a yellow atrophic liver which has reached an 
unusually high degree of regeneration, or better still, reproduction.. It is not 
unlikely that under more favorable circumstances a greater development of 
regenerative changes could have occurred; never, however, could complete 
regeneration of structure be attained. If we could imagine the regeneration 
I have described still further advanced, we would then have the picture of 
a large lobule cirrhosis of the liver such as we see in childhood. 


Meder,’*- his assistant, published six or seven cases very closely 
resembling Marchand’s. MacCallum * reports similar changes of a 
reproductive nature occurring after acute yellow atrophy.* 

Kretz *' was the first to coordinate these facts, namely, the regen- 
erative changes in the liver, as ascertained by Ponfick experimentally 
and by Marchand pathologically, and the close resemblance of Mar- 
chand’s and similar cases of the end stages of acute yellow atrophy, on 
the one hand, with fully developed cirrhosis of the liver on the other. 
He enunciated the present day conception of the pathogenesis of cir- 
rhosis of the liver, for which MacCallum,” the greatest American 
student of cirrhosis, gives him full credit. Yet Ackerman ** was the 
first to express the belief that the disease was primarily a parenchy- 
matous process. 

The primary process in cirrhosis of the liver is a parenchymatous 
change as in actue yellow atrophy, but not so rapid; slowly the paren- 
chyma is destroyed—a little today, a little more tomorrow—inumerable 
minimal attacks, continuing from onset to termination, with periods of 
quiescence intervening. While the degeneration and necrosis of cells 
is progressing, regenerative mitoses are occurring concurrently, at first 
only among the liver cells, but later the biliary ducts, genetically closely 
related to liver cells, partake in the effort to replace destroyed liver 
cells by metaplasia, perhaps after the regenerative powers of the liver 
cells have become exhausted or cannot maintain the pace set by the 
advancing disease. Periods of complete quiescence may result in resti- 
tution to nearly normal liver sufficiency. Alternating periods of progress 








19. Meder: Beitr. z. path. Anat. u. z. allg. Path. 17: 1894. 

20. MacCallum: Johns Hopkins Hosp. Rep. 10: 1903. 

20°. Since this paper was submitted for publication, I found a liver of this 
type at necropsy in the body of a young man, aged 22. Briefly, the clinical his- 
tory was that he had had jaundice for five years, which was associated with 
ascites and edema, marked weakness and frequent bowel movements. The 
mode of onset could not be determined definitely but was more or less acute. 
The clinical diagnosis had been chronic pancreatitis. At necropsy a nodular, 
hyperplastic liver was found. The immediate cause of death was a terminal 
peritonitis. The case will be reported in full later. 

21. Kretz: Wien. klin. Wchnschr. 18: 1900; u. Ergb. d. allg. Path. 8: 1904. 

22. MacCallum: J. A. M. A. 43:480 (Sept. 3) 1904. 

23. Ackerman: Virchows Arch. f. path. Anat. 115. 
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nd quiescence may continue for years until finally the patient succumbs 
r, perhaps, in rare cases the disease may become permanently quiescent 
vhile the liver is still capable of meeting the metabolic needs of the 
ndividual. 

So it is that the parenchyma dies and is replaced by connective 
tissue, new parenchyma replaces the old and is again destroyed to be 
eplaced by other new parenchyma; constant repetition of destruction 
nd regeneration resulting in a completely rebuilt liver. In advanced 
ses not the slightest vestige of the original tissue remains; even the 
rculatory system has been rebuilt. 

If we are ever permitted to use comparisons and analogies, it seems 
ustifiable here. So we may think of cirrhosis of the liver as the result 
f minute attacks of something closely resembling acute yellow atrophy, 
least in the nature of its action. Acute yellow atrophy is no more a 
efinite clinical entity than is Laennec’s cirrhosis; both may be pro- 
luced by a variety of causes. One should think of the two diseases 
being analogous, one acute, the other chronic, differing only slightly 
the nature of the pathologic process, but very markedly in degree. 
me is always acute and nearly always fatal; the other is chronic and 
kewise nearly always fatal. Occasionally the patient lives long enough 
iter an attack of acute yellow atrophy to produce regenerative 
henomena of sufficient degree to make the liver closely resemble that 
the chronic process, in which the patient always lives long enough 
excite regeneration. 

The origin of the new or regenerated cells appearing in the nodules 
manifestly from the surviving liver cells assisted by the bile ducts. 
he objection sometimes raised that it would be impossible for cells 
regenerate in the presence of a circulating noxious agent capable 
f destroying mature cells is scarcely valid. There are many known 
nstances of such occurrences. The further objection to this belief, 
hat we do not see partially destroyed cells, is not true. We do see 
hem, rarely it is true, but this is a very chronic disease; cellular death 
hastened but not to a degree to be a predominating feature easil) 
und in any given slide. The same may be said of another objection 
metimes made, that we do not see mitoses. We do see them 
asionally, especially early. MacCallum * answers this argument by 
referring to the differences in acute and chronic nephritis. Mitoses are 
en in acute nephritis relatively frequently. Regenerative changes 
re perfectly evident macroscopically and are generally accepted in 
chronic nephritis but they are not sufficiently in evidence to be dis- 
vered microscopically. They are found only in acute cases or acute 
xacerbations. 

This comparison of acute yellow atrophy and cirrhosis at once 


brings two diseases of obscure origin into close relationship clinically ; 
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indeed, their behavior is often quite similar, except in the matter of 
time. It serves the further purpose of making the pathogenesis of the 
chronic form of the two diseases, cirrhosis, quite clear. 


MINUTE ANATOMY OF LIVER 


As a prerequisite for an understanding of the architecture of the 
cirrhotic liver, a clear conception of its normal architecture is essential. 

Early in intra-uterine life the liver consists ot two dense meshworks 
of capillaries derived from the portal vein and hepatic artery converg- 
ing into the hepatic vein, within which are embedded the liver cells. 
Essentially the liver is a radiation of two sets of capillaries arising 
from a common point, the portal fissure, converging into a second 
common point, the hepatic vein. Since the liver is usually regarded 
embryologically as an epithelial bud arising from the primitive foregut, 
therefore essentially an epithelial structure, an adequate conception of 
its complicated vascular architecture cannot be obtained. Indeed, it 
is just this that leads to the usual misconception of the anatomy of the 
lobule or acinus, described as it is, as a rounded or polyhedral mass 
of radiating cells with a central vein, surrounded by a connective tissue 
capsule. There are actually no such glandular lobules in the liver each 
separate and distinct from its neighbor. The liver is essentially a 
vascular skeleton in the interstices of which is a mass of cells, just like 
the flesh on a skeleton. Hence, all parts of the liver tissue are not 
only in contiguity but in direct continuity with all other parts without 
complete connective tissue separation or segregation into lobules. 

The efferent blood flows into the ultimate hepatic vein through 
its various collaterals, these branches collecting the blood from different 
parts of the liver by a system of “continental divides” which makes the 
separation into lobules or acini as we must understand them. These 
“continental divides” between acini are theoretically hard and fast 
divisions but histologically and physiologically they are neither visible 
nor demonstrable, in fact, they may vary with physiologic necessities. 
At various points this parenchymatous mass or theoretical lobule is 
penetrated by branches of the portal vein and hepatic artery, clothed 
by a thin coat of connective tissue in which are also enclosed the bile 
ducts. It is the multitudinous, almost ubiquitous, ramifications of 
these vessels that give the appearance of well defined rounded lobules 
separated one from the other by connective tissue, since they tend to 
course along the “continental divides.” It is an artefact pure and 
simple produced by the necessity of making thin cross sections for 
minute study. What is seen are cross sections of branches of the 
larger real acinus or lobule, which may or may not contain a branch 
of the central vein. These cross section lobules are not isolated 
anatomically one from the other, and still less so physiologically. 











EPPLEN—LIVER CIRRHOSIS 491 




































Physiologically, the passage across the “continental divide” from one 
lobule to the other is not marked by any boundary whatever. That 
which is often seen and usually interpreted as the boundary between 
lobules is really a “tunnel” or path within which the portal vein and 
hepatic artery traverse the lobule. Such paths are, however, some- 
times really located between lobules because it is a vantage point for 
the distribution of blood or cellection of bile. 

In order to have a simple comparison so that the structure of the 
liver, as a whole, may clearly be visualized in a brief description, it 
may be regarded as consisting of a vascular skeleton, for the first half 
of which the lower half of a pine tree is used to represent the hepatic 
vein and its branches, the pine needles representing the ultimate or 
so-called central veins of the lobules. If the parenchyma of the liver 
can be imagined to have been poured into the lower half of the tree, 
like batter into a mold, filling out all spaces in the interstices between 
the branches, the best concept of the gross, and at the same time 
histologic, relationship of the parenchyma to the hepatic vein would 
be obtained. If one could imagine this artificial, half-finished liver 
to have been completed by introducing at some point on the upper 
surface another lower half pine tree so inserted into the original mass 
that its branches fit and dove-tail between the branches of the original 
tree, the second representing the portal vein, a reasonably understand- 
able concept of the relations of the hepatic vein, parenchyma and 
portal vein will be gained. It would, at the same time, permit one to 
accept the usual concept of the liver lobule or acinus and at the same 
time shatter it by showing that no lobule is entirely independent and 
separate from its neighbor. If one could still further imagine these 
two trees fitted one into the other so accurately that not only the 
branches would fit between each other, but the needles on the branches 
of one fit between the needles on the branches of the other, one 
would have a conception of the intimate relationship of the ulti- 
mate branches of portal and hepatic veins. 

In order to understand the relationship which the hepatic artery 
and biliary ducts bear to the whole, one needs to return to the moment 
when the second half tree was introduced into the half finished liver 
and imagine a dense net-work of vessels having been wound about 
the branches of the second half tree, one red to represent the hepatic 
artery, the other green to represent the biliary ducts. 

Obviously a description of this sort is purely artificial and does not 
consider the embryologic facts, yet it is far more nearly correct than 
the description given in courses on histologic anatomy, which also 
clearly ignore the embryology. In fact, most slides for histologic study 
are derived from the liver of the pig, because it is peculiarly rich in 














462 ARCHIVES OF INTERNAL MEDICINE 





































connective tissue. This makes the so-called lobule or acinus appear 
especially distinct, particularly for teaching purposes, and erroneous 
teachings at that. 

The plan of building up an acinus about a single unbranched, cen- 
tral (efferent) vein in this manner and using it as an index of a 
typical lobule, surrounding it with columns of liver cells and then 
completing the lobule as it were, by pasting the afferent portal vein and 
hepatic artery on the finished lobule without showing its relationship 
to its neighbors is irrational and leads to false notions of simplicity. 
It would seem far better were we taught from the very outset how 
complicated the structure and relationship of the lobule really are. 
And yet the behavior of the liver in certain circulatory disturbances, 
particularly high grades of passive congestion, make it appear that 
these artificial structures or lobules functionate or behave more or less 
as structures of some independence. 

Mall injected livers through the hepatic vein and after corrosion 
demonstrated that it branches very freely, that there is no such struc- 
ture as a separate terminal central vein for each lobule, but rather that 
the peripheral or terminal branches anastomose freely. Reconstruction 
of the lobules about these veins produces an exceedingly complicated 
outline, not at all rounded or polyhedral as is usually taught. Such 
areas susceptible of apparent demonstration in slides are artefacts, as 
previously stated, produced by making cross sections of small branches 
of the lobule. The real lobule is a considerable mass of liver tissue 
enveloping a radical of the hepatic vein and its branches, penetrated and 
“tunnelled” by Glisson’s capsule with contained vessels and ducts, so 
that afferent blood is introduced into it at many points. Such a lobule, 
if torn from its site, would be shaped roughly like an irregular pine 
tree, or, better still, a misshapen pine tree. It may have some branches 
or processes extending far afield, it may be bent on itself, or show 
marked twists or bends. Most important of all it would not “shell out” 
of a connective tissue capsule, because it has none. Its margins or outer 
surface would be ragged for there is no sharp demarcation between 
lobules, therefore, it would be torn from its surroundings. Moreover, 
its communications with neighboring lobules would be shown by the 
mouths of gaping veins which had, when in situ, communicated or 
inosculated with those of nearby lobules. The “water-sheds” between 
areas of the same lobule tributory to one or another branch of its 
central vein are imperceptible and unmarked, indeed they may shift 
depending on secretory and circulatory exigencies. Exactly the same 
may be said of the greater “continental divides” between distinct 
lobules. 

While this, in its essence, is not fundamentally different from the 
usual idea, it is of value when the finer pathologic anatomy of the 
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liver is under consideration, especially when an attempt is made to 
explain the long strands of passive congestion in the cyanotic liver or 
the long connective tissue strands of cirrhose cardiaque. 


PATHOLOGY 

The cirrhotic liver as it is seen at the necropsy presents certain 
changes, usually a diminution, occasionally an increase, in size, hobnail 
-urface, and increased consistency and stiffness. 

Examining the cut surface, three types of tissue, in varying relative 
quantities are found: (a) normal liver tissue; (b) nodules of liver 
tissue, lighter in color, varying in size from that of a millet seed to 
that of a large bean or occasionally a walnut, and (c) connective tissue. 
The entire surface has a tawny to brown color, varying with age 
and degree, which led Laennec to give it the name cirrhosis. This color 
is produced by a histologic finding of considerable importance to be 
described later. No particular naked eye changes can be noted in 
the smaller blood vessels, except that the small dark area in the center 
of the acinus is entirely absent in the nodules, that is to say, the usual 
index of the acinus, the central vein, is absent, 

Closer study of these nodules shows that they vary in size, are of 
paler color than normal liver tissue, and that they are likely, on cut 
section, to be elevated slightly above the level of surrounding structures, 
be it normal liver or connective tissue. They are not always rounded 
or oval but may at times show several rounded eminences as though a 
cluster had been cross sectioned. Examination of these nodules for the 
position of the efferent lobular (central) vein shows a very wide 
variation from the normal. It is no longer central but eccentric, often 
peripheral and occasionally actually beside the nodule, gathering its 
blood from the body of the nodule by exceedingly fine capillaries, 
whose walls correspond to Kupfer’s cells. This can have but one 
meaning, namely, asymmetric destructive processes and, as a corollary, 
asymmetric regenerative processes. “The nodules of lighter colored 
liver tissue, now universally accepted as regenerated liver cells, show 
total absence of the acinal markings. The smooth continuity of 
liver tissue has disappeared; the nodules are isolated one from the 
other by strands of connective tissue, although clusters are sometimes 
seen. These clusters are usually regarded as being produced by bud- 
ding from a parent mass rather than by a confluence of several groups 
or masses. Sometimes the nodules take up most of the cut surface; 
at other times almost the whole organ is composed of connective tissue 
with very small occasional nodules of liver tissue, often stained a 
deep green (bile stasis). 

Further study of the blood vessels in any cross section shows that 
the larger vessels are closer together than normal. This corresponds 
to the general reduction in the mass of the liver. 
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The color of the cut surface is variable depending on the age of 
the patient as well as of the disease. The older both are, the darker 
the brown color. If there is much fatty degeneration or in“Itration, 
there is a distinct yellow color, especially is this true of the nodules. 
Extensive hemosiderosis is the cause of the rusty or tawny color that 
gave the disease its name. Occasionally in the presence of jaundice, 
the liver is green in color. 

The connective tissue is tough, present in varying quantities, 
depending on the degree of the disease, and in color varying with that 
of the liver in general. Where the connective tissue has shrunken 
considerably, it may be very white and shiny, but when so shrunken it 
is particularly likely to be associated with jaundice and to be dark 
green. The capsule, in general, follows the connective tissue in 
appearance. 

The areas of normal liver tissue, if any remain, differ very little 
from the tissue of a healthy liver. It shows the same brownish liver 
color, with soft texture, and if there be sufficient passive congestion, 
which is nearly always true, the acinus markings are clearly visible. 

If attention be directed to the histologic picture, one finds an 
extremely varied type of cell as well as a very unfamiliar general 
structure. The liver cells may show the following variations (though 
not all in any given slide): (a) Normal cells in the familiar radial 
arrangement; (b) normally arranged cells in various stages of retro- 
gressive changes chiefly fatty degeneration, also parenchymatous 
degeneration and possibly actual necroses. These are original liver 
cells in process of destruction; (c) among the above normally arranged 
cells may be found large, very pale cells with unusually clear proto- 
plasm, occurring singly or in groups, sometimes among the degenerat- 
ing cells, sometimes wholly surrounded by connective tissue. Since 
there is no evidence of circulatory obstruction such as engorgment of 
capillaries, these cells could not have been snared off by contracting 
strands of connective tissue. Their clear, pale protoplasm with larger 
cell bodies at once proclaims them as newly formed cells, regenerated 
cells, if you please; (d) very large groups of the same type of cell, 
arranged more or less in parallel columns but entirely without radial 

arrangement or central vein, with an eccentrically placed vein. 
These represent nodules of regenerated cells with a new type of 
vascularization; (e) greatly increased numbers of bile ducts in the 
connective tissue surrounding the nodules; (f) among the cells of (c) 
and (d) may be found cells in various stages of degeneration. 

It was with a definite purpose in mind that I described the normal 
liver structure in terms of its circulatory elements. [ will consider 
more carefully the circulation of the cirrhotic liver. 
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During injection experiments on cirrhotic livers carried out by 
Kretz,** or under his direction, the following observations were made. 
|f the injection mass was introduced through the portal vein it would 
appear in the hepatic vein at a time when large areas of hepatic 
tissue were still uninjected. These uninjected areas proved to be the 
larger nodules of newly formed liver cells as well as the small groups 
isolated liver cells previously mentioned. If the hepatic artery 
was injected by a celloidin mass of different color it would be dis- 
covered that it was exactly these areas that would be injected. It was 
also noted that the hepatic artery was hypertrophic in such cases. 
But one conclusion can be drawn from these findings, the regen- 
erative process is directly under the nutritional influence of the hyper- 
trophic hepatic artery. The portal vein continues to supply the original 
liver tissue, which has escaped the destructive influences of the disease 
and possibly some of the newly formed or regenerated masses of 
cells slightly or indifferently. Since the new groups of cells are drained 
chiefly by newly formed eccentric “central veins,” a new communication 
between the hepatic artery and the portal vein is established via 
branches of the hepatic vein. Under the normal circulatory relation- 
ship between hepatic artery and portal vein, the latter is not embarrassed 
by the greater pressure of the hepatic artery, but with the opening of 
new channels through the regenerated nodules the anastomosis is much 
more extensive and free. This, plus the hypertrophy of the hepatic 
artery, leads to definite embarrassment of the portal circulation. It 
is like making an anastomosis much greater in size than the usual 
capillary transition between an artery and a vein, at the same time that 
the artery in question has had an opportunity to hypertrophy. Venous 
tasis and edema must result. This is probably the real reason for 
portal stasis and ascites, certainly when they appear before connective 
tissue production has taken place in the liver. The fact that injections 
of the portal vein in cirrhotic livers fail to fill large areas of liver 
tissue, newly formed to be sure, but liver tissue nevertheless, demon- 
strates the presence of an internal collateral circulation that is never 
mentioned when the collaterals of cirrhosis of the liver are described. 
It has been showri by Ponfick that large masses of liver tissue may 
be resected in dogs only to have a regeneration take place adequate for 
the physiologic needs of the animal, plus a large margin of safety. 
[he question arises whether this internal collateral circulation or 
inastomosis of the portal vein around rather than through the newly 
formed nodules in cirrhosis of the liver, is not the leak which is 
responsible for the hepatic insufficiency in this disease. To put it 
nother way, is it not because the portal blood is carried past the 
nodules of regenerated liver cells rather than through them that insuf- 


24. Kretz: Verhandl. d. deutsch. path. Gesell. 8. 
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ficiency results? The liver is doubly insufficient, first by reason of its 
parenchymatous loss, but also because the portal blood fails to reach 
the parenchyma in adequate quantities by reason of both internal! 
and external collateral circulation. In spite of the parenchyma loss 
had the circulation been rebuilt properly, relative hepatic sufficiency 
would have prevailed much longer than is usually the case. 


HISTOPATHOLOGY 

Liver—The microscopic picture is essentially one of disorder and 
disarrangement. In a well marked case there will be seen extensive 
areas of connective tissue arranged in strands or streets irregularly 
disposed, crossing and recrossing each other. In the meshes will be 
seen masses of liver cells in most unusual and disorderly arrangements. 
The cells are disposed more or less in parallel columns, but there is no 
evidence of systematic, much less systematic radial, arrangement. 
Efferent veins will not be found in these masses, or, if so, they wil! 
be eccentrically placed or in still other cases be found beside the cells. 
The portal vein will not present the normal close approach, but will be 
distant in the connective tissue strands in.which it probably passes 
to the side of the nodules, rather than to or through them. The hepatic 
artery is seen in the connective tissue strands in a loose relationship 
to the portal vein. That it supplies the nodules with their afferent 
blood, as maintained in Kretz, cannot be demonstrated histologically. 
It is an assumption based entirely on his injection experiments. The 
capillaries in the nodules lying as they must between the columns of 
cells, have become intricate networks or labyrinths from which the 
efferent blood has great difficulty in escaping. 
Occasionally, quite normally arranged liver lobules, with radiating 
cell columns—central veins and portal vein in normal’ contact—may 
be found, residuums of the original liver structure. Degeneration or 
necrosis, if seen at all, is most likely to be found in these lobules, thoug! 
lesser retrogressive changes, especially fatty degeneration, are often 
seen in the cells of the regenerated nodules. 
In the connective tissue strands are seen inumerable freely branch- 
ing ducts, lined with cuboidal cells with deeply staining nuclei. These 
are newly formed bile ducts. They probably possess a double function 
They are making unusual efforts by proliferation and branching to 
search out and’ assume contact with the new nodules for purposes of 
bile drainage, and, in addition they are probably concerned in the for- 
mation, in small part at least, of new liver cells, for they are genetical], 
closely related to them. MacCullum has demonstrated this transforma- 
tion several times in histologic slides by showing their transition and 
union with the liver cells in nodules or groups of newly formed cells. 
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The connective tissue strands are irregular in size and vascularity. 
[he variations in size are dependent on the amount of destroyed liver 
tissue represented, that is to say, a large thick strand represents the 
collapsed skeleton of a large area of destroyed liver, a small strand less. 
\Vhile the increase in the bile ducts is, in part, absolute, some of the 
ncrease is relative, the collapse bringing original ducts closer together. 
[he same is true of the increase in blood vessels—some are newly 
formed, others have collapsed with the skeleton into closer proximity. 
(Often one can see indications of the lobules (their number, size, etc.) 
that have been destroyed in an area of connective tissue; it is almost 
is though the parenchyma had dropped out and the skeleton collapsed. 
[he connective tissue is increased relatively as well as absolutely 
Many round cells and wandering cells of all types are found in these 
ireas. 

Hemosiderin deposits in cirrhotic livers are extremely frequent ; 
when diligently searched for, are found in more than half the cases. In 
studying old slides in our possession, derived from cases of cirrhoses of 
varying degrees, it was present in all of the more advanced cases. It is 
true that in some cases special stains may be necessary, yet when search- 
ing carefully, minute deposits will be found either in the connective tis- 
sue or the liver cells themselves. It is because it is not so overwhelmingly 
present as to be immediately striking that this finding is not more often 
described. Just why this should be found in a degenerative disease of 
a parenchymatous organ has been the subject of much controversy. 
It was to be expected during the early days of the literature of cir- 
rhosis that it would be associated with and regarded as dependent on 
hemorrhages in the gastro-intestinal tract, absorption being through 
the portal system with subsequent deposit in the liver. Kretz ** was the 
first to set up the hypothesis that this pigment was liberated by destruc- 
tion of red blood corpuscles in the liver, probably by the action of a 
circulatory toxin, possibly a known chemical such as alcohol. Bleich- 
roeder ** has written very extensively on this phase of the pathology 
of cirrhosis. 

To forestall any misapprehension we are not, when making these 
‘tatements, thinking of cases of so-called bronze diabetes but of portal 
cirrhosis. 

Spleen.—The spleen is very much enlarged, often it is much larger 
han the liver. There has been much controversy over the cause of 
this enlargement. Most of us were taught, and it is still believed by 
some, that this enlargement is due to the passive congestion associated 
with cirrhosis of the liver. There is, however, much accumulated 
evidence that there is a distinct pathologic process in the spleen typical 


25. Kretz: Beitr. z. klin. Med. u. Therap., 1896. 
26. Bleichroeder: Virchows Arch. f. path. Anat. 177. 
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of cirrhosis of the liver. There are, for example, ‘many cases of 
cirrhosis in which the spleen is greatly enlarged long before there is 
ascites, that it to say, long before passive congestion has occurred. 
Leichtenstern *’ was the first to call attention to these cases, indeed, 
he regarded them as pre-cirrhotic and called them by the name “Pre- 
cirrhotic Splenic Tumor.” However, he is scarcely justified in the 
conclusion implied by the name, that the spleen is diseased before the 
liver, for cirrhosis is an insidious disease, it is always quite advanced 
before a diagnosis is made; in fact, the clinical manifestations of its 
early stages are entirely unknown. The splenic enlargement is always 
considerable, it is much greater than that of cardiac decompensation. 
It is not nearly as hard, either to palpation of the intact organ or when 
its cut surface is examined. The spleen of passive congestion gives 
the impression of being stuffed full to bursting, yet on the cut surface 
the pulp does not pout, nor can it be scraped off, both evidences of 
great increase in connective tissue. The spleen of cirrhosis is slightly 
softer, more like that of a subacute infection, its pulp usually pouts on 
the cut surface and can be scraped off readily. Its color is lighter than 
either the normal or the cardiac spleen, often having a slightly grayish 
tinge as though milky water had been poured over it, or it may have 
a rusty, tawny tinge. Bleichroeder found a considerable difference 
in the specific gravity, the spleen of cirrhosis on an average having 
a specific gravity of 1.059 against 1.044 for passive congestion. 

Histologically, the spleen of cirrhosis shows a slight congestion 
as compared with the normal; presumably this is passive, but it does 
not approach that of the spleen of chronic cardiac decompensation. 
Furthermore, there is a great increase in the various types of wandering 
cells and lymphocytes. Various writers have described circumvascular 
proliferations which at times penetrate the blood vessels, oné of them 
( Bleichroeder **), attributes to these a special pathogenetic significance, 
believing that they may become dislocated and swept from the spleen 
to the liver, there producing either focal necroses or setting up the 
inflammatory process that eventuates in the destruction of normal 
liver tissue. 

Finally, there is a great deposit of hemosiderin and various other 
iron pigments, chiefly in the connective tissue of the spleen but also 
in the pulp and in the various wandering cells. The source of this is 
not yet clearly understood, but the assumption that it arises from 
extensive destruction of red blood corpuscles is as justifiable here as it 
is for the origin of the same deposits in the liver. Often it gives the 
spleen a slightly rusty or tawny color. 


27. Leichtenstern, quoted by Naunyn: Verhandl.-d. Deutsch. path. Gesell. 8. 
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ASSOCIATED PATHOLOGY 

Embarrassment of the portal circulation leads to various distur- 
bances. First among these is ascites. This is often of extreme degree. 

Passive congestion leads to a catarrhal pseudo-inflammation of the 
gastro-intestinal mucosa. The mucosa of the stomach is intensely 
njected, edematous and at times shows submucous extravasates. In 
well marked cases these may be very great and lead to distressing 
hematemesis. The mucosa is covered by an exceedingly tenacious 
mucus, often containing exfoliated epithelium and red and white blood 
corpuscles. The mucosa and serosa of the stomach and sometimes of 
the bowel are often tinged a faint brown by hemosiderin deposits, a 
finding attributed by some to the results of passive congestion and 
extravasates, by others to processes identical with those causing similar 
leposits in the liver and spleen. These are never seen in the stomach 

the passive congestion of cardiac decompensation.** 

Collateral venous hypertrophies or varicosities reach extreme 
degrees and represent efforts of the portal blood to reach the right heart 
by routes other than the normal. They are most marked in the anasto- 
mosis of the portal circulation with the systemic veins at the lower 
end of the esophagus and between the portal and systemic veins in the 
lower rectum via the hemorrhoidal veins and via the veins of the 
abdomen, the so-called caput medusae. It mnght be well again to 
mention the collateral circulation around the nodules of regenerated 
cells within the liver itself. 

Obscure Indefinite Findings.—There is always a very low grade of 
secondary anemia present, the nature of which is not well understood, 
vhether it is dependent on the same noxious agent that produces 
cirrhosis itself or on associated digestive and consequent nutritional 
disturbances is not yet settled. Possibly, it may be regarded as an 
abortive anemia of one of the types often associated with cirrhosis. 

The heart usually shows slight myocardial changes of a degenerative 
nature. Whether this is dependent on the toxins producing the disease 
or on the toxins produced by the disease is not clear. 

Most cirrhotic patients are slightly jaundiced, not the clear-cut 

ellow color seen in biliary obstruction, but a pale, almost imperceptible 
color, which seems to give an undertone of yellow to all light colored 
urface tissues, particlarly the sclerae and the skin of the covered 
parts of the body. The color is very much like that of low grade 
sepsis. The urine contains large amounts of urobilin and urobilinogen. 
[he conclusion that this color is due to urobilin seems justifiable. True 
uundice occurs in some cases, especially when contraction of the 
onnective tissue has embarrassed biliary circulation. 


28. Wagner: Arch. f. klin. Med. 34, 
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Occasionally peculiar hemorrhages or ecchymoses are seen in the 
conjunctiva, the retina and the skin, especially where the texture is 
soft. These and the clinically noted attacks of epistaxis are as yet not 
satisfactorily explained. They remind one of the dyscrasias of certain 
blood diseases. 

There are several notations in the literature of transformation of 
the: normal into red bone marrow, especially in the femur.** Bleich- 
roeder ** maintains that this is true in the majority of cases, he having 
found changes in the upper end of the femur in twelve or thirteen 
cases examined for this change. 

In certain instances, particularly those in which there is a very large 
spleen, there are very marked sclerotic changes in the splenic artery 
and vein and also in the mesenteric veins. Just how this is brought 
about is not very clear. It is most often present in Banti’s syndrome 
and could be used as a particular argument against Banti’s contentions 
If the toxin producing cirrhosis originates in the spleen alone, why does 
it produce sclerotic and hyalin degeneration of identical nature in the 
mesenteric veins? Just this finding is particularly suggestive of an 
enteric origin for the poison though of course it does not explain why 
the splenic artery and vein should be similarly involved. 

Tuberculosis, or rather, isolated occasional tubercles in the peri- 
toneum, and the cirrhotic liver itself are frequent, apparently accidental! 
findings. They are usually explained as having developed by virtue of 
the generally lowered resistance of the patient, and are believed to be 
terminal or subterminal events. Others see in them a close relationship 
etiologically. This phase of the subject has been given much study 
but without definite conclusions. Some writers have made a separate 
classification of these and called them tuberculous cirrhoses, a step 
scarcely warranted at present. 


RELATION TO OTHER DISEASES 

Banti *° described what he believed to be a syndrome with a definite 
pathologic complex, worthy of separate classification. He set up 
certain requirements that make his definition exceedingly complex. 
indeed it is often regarded as impossible. There- must be no known 
etiology for the disease; there must be enlargement of the spleen 
preceding the cirrhosis and anemia, which must be of a secondary type 
with a low leukocyte count, but relatively a lymphocytosis; and the 
disease must be separable into three stages: (a) splenomegaly; (b) 
anemia; (c) cirrhosis of the liver with ascites. 

Banti himself does not always write in the same vein. More 
recently *' he maintains for the disease a characteristic pathology, par- 


29. Zypkin: Virchows Arch. f. path. Anat. 174. 
30. Banti: Sperimentale, 1894, p. 407. 
31. Folia Haemat. 1:11, 1910. 
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ticularly in the spleen. He speaks of it as a “fibroadenie,” which is 
essentially a fibrosis of the malpihgian follicles situated around the 
splenic artery which itself shows hyalin changes, and an extensive 
fibrosis of the splenic reticulum. All of this he believes to be of 
noninflammatory origin, because he has not found fibroblasts present. 
[here is hyalin degeneration of the capsule of the spleen, and cirrhosis 
if the liver differing in no respect from the usual picture, except in the 
splenic changes mentioned. Blood+ pigments were not found in the 
-pleen or liver in his cases, hence he assumes that there was no blood 
lestruction. The red bone marrow of secondary anemia is uniformly 
found. He assumes that there is an infectious agent producing the 
splenic changes (“fibroadenie”) which, in turn, cause the spleen to 
claborate a poison producing the liver cirrhosis. There is no known 
analogy for this in all pathogenesis, it is manufactured to fit the case, 
. reasoning from effect to cause. 

Banti admits that the diagnosis cannot be completed until the liver 
s seen by the pathologist (or surgeon) and that the pathologist cannot 
make the diagnosis without the clinical data, namely the history of 
three consecutive stages, splenomegaly, anemia and cirrhosis. This is 
merely another way of saying that the disease is essentially undiag- 
nosticable. 

In a general way, the literature may be divided into two classes 
with reference to the acceptance or rejection of Banti’s disease as a 
clinical entity: (1) That of authors who accept it, usually clinicians, 
with the notable exception of Naunyn,”” and (2) that of authors who 
reject it, generally speaking, pathologists, though they usually manifest 
a more scientific conservatism and may be said to assume an attitude 
of skepticism. 

While I have never seen a case classifiable as Banti’s disease, it 
seems to me that there is no definite reason why it should at present 
be accepted as a clinical entity. There is too much controversy con- 
cerning it, and Banti is neither definite nor sure enough of himself. 
Finally, if we accept Banti’s classification, there is no such disease 
as splenic anemia, for he does not permit even this to escape him, 
maintaining that it is Banti’s disease in the second stage before cirrhosis 
has had time to develop. 

Banti’s contention that a poison is developed in the spleen has been 
supported in a scientific manner but once, and never since confirmed. 
Umber ** made metabolic studies on a case and found that there was 
disintegration of the blood albumins on a toxemic basis. After extirpa- 
tion of the spleen this ceased. This is possibly analogous to some of 
the experiments of Longcope, interpreted by him as anaphylactic 
phenomena. This is not to be construed as an effort to state that toxins 


32. Umber: Ztschr. f. klin. Med. 58: 1905. 
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cannot originate in the spleen, it has not been proved in cirrhosis. On 
the other hand, it seems proved in both splenic anemia and in hemolytic 
jaundice by the results obtained by splenectomy. 

Mayo arguing on purely clinical grounds, experience, if you 
please, states that extirpation of the spleen in cirrhosis, when the spleen 
is very large, is beneficial by reducing the volume of portal blood so 
that the liver may again “carry on.” He suggests, however, that it 
may prevent “those irritants” ordmarily filtered out in the spleen from 
reaching the liver as, for example, in splenic anemia. He offers no 
proof of their existence. Again the alluring theory, that abnormal 
splenic metabolic products are the cause, cannot be resisted by one 
usually so matter of fact that theories have no place in his articles. 

Every patient with cirrhosis of the liver is anemic or shows periods 
of anemia, of the secondary type. Every case shows great variations in 
its course, not only as to symptomatology but as to duration of the 
disease. It would seem more rational then to regard Banti’s syndrome 
as one of the various clinical pictures under which cirrhosis may present 
itself. Moschcowitz** assumes this attitude with great emphasis, probably 
because the two cases presented in his article showing Banti’s syndrome 
clinically, failed to show any evidences whatsoever of cirrhosis at 
necropsy. 

It strikes me that Banti has surrounded his definition with so many 
conditions and modifications, some reasonable and some—e. g. his 
contention that the etiology must be unknown—so unreasonable as to 
make the disease purely imaginary. Dropping it will still leave a diag- 
nostic pigeon-hole for all cases. Chronic cirrhosis with high grade 
anemia and splenomegaly will describe Banti’s typical cases. Splenic 
anemia will cover those cases claimed by him to be in the second stage 
before cirrhosis has had time to develop. 

Diabéte Bronzé.—Diabéte bronzé, or cirrhosis pigmentaire, is a 
disease of obscure origin characterized by a cirrhosis of the liver like 
that of portal cirrhosis with extensive visceral and cutaneous hemosid- 
erosis, and diabetes mellitus. 

Various theories of its pathogenesis are offered, the chief of which, 
ascribe the primary rdle variously to the hepatic cirrhosis, to the 
diabetes and to the hemosiderosis. Another somewhat differing etiology 
is offered in the form of an hypothetical toxin the cause of all the other 
pathologic changes. Under this characterization it is spoken of a- 
hemochromatosis. 

It is an extremely rare disease, the literature offering only seventy- 
five cases for study. In a general way they may be divided into two 


33. Mayo: Ann. Surg. 68:183 (Aug.) 1918. 
34. Moschcowitz: J. A. M. A. 69:1045 (Sept. 29) 1917. 











EPPLEN—LIVER CIRRHOSIS 503 





groups, one, those in which the cirrhosis and pigmentation represent 
the less severe form, the other—probably an advanced stage—in which 
diabetes mellitus has been added to the foregoing changes. 

The pathology of the cirrhosis differs but little from that of ordinary 
portal cirrhosis ; the liver is usually larger than normal, death occurring 
before atrophy can occur. Ascites is rare. There are no distinctive 
features in the associated diabetes; it develops in the great majority 
of cases and is the cause of most of the deaths. It may be due to 
extensive hemosiderotic fibrosis of the pancreas. 

Usually a moderate degree of secondary anemia is present. 

Wilson’s Disease —The association of cirrhosis of the liver with a 
definite disease of the nervous system described by Wilson in 1912 is 
a most remarkable combination, an incongruity pathologically. It is 
a progressive degenerative disease located in the lenticular nuclei occur- 
ring in young adults, familial in occurrence, yet not hereditary. Its 
chief manifestations are various motor phenomena of extra pyramidal 
origin with some mental symptoms. Atrophic cirrhosis of the liver is 
constantly found. Aside from its remarkable association with a nervous 
disease, it is noteworthy that it occurs in youth, is familial, that alcohol 
is not implicated in its etiology, that ascites and other evidences of 
portal stasis are absent, and that clinically the cirrhosis is not demon- 
strable, even the small size of the liver has only rarely been 
demonstrated clinically. Wilson characterizes the changes in the liver 
as a multilobular or mixed cirrhosis. 


CLASSIFICATIONS OF CIRRHOSIS 

So very much has been written in efforts to prove that all cirrhoses 
are essentially the same process that we will venture a few remarks on 
this subject. 

Mayo * is the most arbitrary of all writers and brusquely divides 
them into portal and biliary cirrhoses. The former is what is generally 
known as Laennec’s cirrhosis, but he also includes all forms of hyper- 
trophic cirrhoses, whether of alcoholic or other origin. He does not 
accept the view that the enlarged livers of certain types of cirrhosis, 
often containing considerable fat, later become atrophic. He therefore 
speaks of atrophic portal cirrhosis which he regards as the characteristic 
response to concentrated spirits, such as gin, and to pepper excess, and 
to poisons carried to the liver from the spleen. On the other hand, 
he speaks of hypertrophic portal cirrhosis which is the characteristic 
response to excesses of beer, and is associated with fat deposits. Biliary 
cirrhosis is dependent on infection of the biliary ducts, and is char- 
wcterized by a large liver and a very large spleen. Mayo’s classification 
could be summarized thus: (a) Portal cirrhosis, (a) atrophic type 

Laennec); (b) hypertrophic type, (b) biliary cirrhosis, with an 
enlarged liver. 
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In his opinion, there is no pathologic or clinical basis for a separate 
classification of Hanot’s cirrhosis. He believes that the disease so 
designated is either an obstructive biliary cirrhosis or an hemolytic 
icterus, in which there is work hypertrophy of the liver.” Since hemo- 
lytic icterus is very frequently associated with gallbladder pathology 
(more than 60 per cent. of the cases), he believes that there are 
combinations of the two, that is to say, a work hypertrophy due to 
hemolytic jaundice plus biliary cirrhosis of infectious origin. 

Pathologists still adhere to a much more elaborate scheme: (1) 
Laennec’s cirrhosis (atrophic), including multilobular cirrhosis, nature 
not clear, probably syphilitic. (2) Hanot’s cirrhosis (primary biliary 
hypertrophic cirrhosis). (3) Obstructive biliary cirrhosis. (4) Hepar 
lobatum. (5) Cirrhose cardiaque. 

A brief description of the nonportal cirrhoses and other diseases 
sometimes confused with Laennec’s type of cirrhosis will serve to 
clarify some of the difficulties in classifying them. 

Hanot’s Cirrhosis —In 1876 Hanot presented for clinical and patho- 
logic study a type of disease, la cirrhose hypertrophique avec icteré 
chronique. He based his studies on four cases of his own and about 
a dozen cases collected from the literature. The disease is characterized 
by a chronic intermittently fiebrile course, with severe jaundice but 
without clay-colored stools or ascites, with a very large, smooth liver 
and a very large spleen. Histologically, there is a striking intra- 
acinous development of connective tissue. In later publications he 
broadens his views considerably, so that it becomes somewhat difficult 
to know just what he incfudes. Still later writings are even less clear, 
and his original ideal type becomes confused. Perhaps he was led 
afield by other French writers who described various “forms” of 
Hanot’s cirrhosis, some accepting as a standard the presence of intra- 
acinous development of connective tissue, others described a capillary 
cholangitis as the essential pathologic standard. As will be seen later, 
they were doubtless describing what is now called obstructive biliary 
cirrhosis. In answering these writers in the course of a long series of 
polemical articles, he allowed himself to become confused until his 
articles lost much of their clearness, and, like Banti, he did not seem 
to know just what constituted a clear-cut type, an ideal of the disease 
known by his name. 

Today a somewhat broadened or modified view is taken as to what 
constitutes Hanot’s cirrhosis. There are two distinct types or forms: 
First, those cases of cirrhosis in which there is a degenerative process 
in the liver associated with a toxemic jaundice. This description is 
strikingly like that of Mayo, who uses it to deny Hanot’s cirrhosis 
a separate place in pathology, but terms it hemolytic jaundice with 
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work hypertrophy. However, these cases are said by Kretz® to 
develop an ascites if they live long enough, because of changes in the 
texture of the liver with contraction or atrophy, therefore, they do not 
onform to Hanot’s requirements of an absent ascites, and are not his 
deal type. These show no inflammation of the finer bile ducts but 
here is a very fine intralobular almost intercellular distribution of 


te 


onnective tissue breaking up the lobules into very small groups of 
ells. Second, those cases of jaundiced hypertrophic cirrhosis in which 
there is an intense capillary cholangitis, a type brought forward by 
leineke ** as the ideal type of Hanot. The connective tissue about the 
iliary capillaries proliferates and secondarily enters the acini insinuat- 
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ng itself between the cells. It shows no tendency to contract and cause 

trophy of the liver, the feature which differentiates it from obstructive 

biliary cirrhosis. Its etiology is clearly infectious. In both types t 
the liver is large, hard and smooth, often weighing as much as 5,000 
gm. The spleen is also large and hard, much greater in size than in 
itrophic cirrhosis. Doubtless many cases of Laennec’s cirrhosis with 
enlarged liver are erroneously described as being of Hanot’s type. 
Obstructive Biliary Cirrhosis —Obstructive biliary cirrhosis is an 
exceedingly rare type. The liver is small, very hard, like leather, and 
s very dark green in color because of its etiology, chronic obstructive i] 
aundice. Probably, one reason this disease is so rare is because 

modern surgery does not permit an obstructive jaundice to exist long 

enough to produce the consequent changes unless it be due to an 

exceedingly slowly progressing carcinoma of the gallbladder. Histo- 

logically, there is still normal acinal structure with intense bile stasis 

ind consequent destruction of liver cells. These are destroyed in part 

by the biliary stasis and back pressure, but, perhaps, still more by the 

consequent chronic infection which is always associated, either sooner 

r later. A thick connective tissue mantle is formed about the biliary 

duets and capillaries, associated with the histologic phenomena of 

inflammation. 

Hepar Lobatum.—While often classified with the cirrhoses, hepar 

lobatum does not properly belong here. It is essentially normal liver 

tissue traversed by long, deep scars communicating with each other and 

dividing the liver into adventitious lobes. They are the remains of 

gummatous processes, and are often characteristically localized in the 

eft lobe of the liver. Sometimes it is a mere connective tissue ot 

car-like membrane. 

Multilobwlar Cirrhosis—Multilobular cirrhosis is not clearly classi 
fed. The term is reserved by some writers for the end-result of 
gummatous hepatitis in children. The liver is small, roughly resem- 


35. Kretz: Verhandl. d. Deutsch. path. Gesell 9. 
36. Heineke: Beitr. z. path. Anat. u. z. allg. Path. 22. 
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bling that of Laennec’s cirrhosis but not quite so tough. There are 
relatively large pseudo-acini produced by connective tissue subdivision 
of normal liver tissue in which true acini are present. Histologically, 
the connective tissue strands are broad, but differ from those of 
Laennec’s cirrhosis in that there are no evidences of inflammatory 
infiltration, it is clearly a quiescent scar tissue. Biliary ducts show 
no evidences of sprouting and there is little or no parenchymatous 
regeneration. Normal acini clearly differentiate it from atrophic 
cirrhosis. 

Cirrhose Cardiaque.—Cirrhose cardiaque is not a cirrhosis at all; 
it is a high degree of passive congestion in which the parenchymatous 
cells destroyed by back pressure of the blood have been replaced by 
connective tissue. It has been credited with a specific infectious 
etiology because it is most typically found in cases in which the 
cardiac difficulty was acquired in early youth especially in concretio 
pericardii cum corde. 





RESUME OF CLASSIFICATION 
The following would represent a comparison of the orthodox 
classification of pathologists with the abrupt of Mayo, indicating 
the equivalents. 


Pathologists’ Classification Mayo’s Classification 
1. Laennec’s cirrhosis. ..... soe 
2. Biliary cirrhosis 2. Hemolytic jaundice, with work 
(a) Primary biliary Hanot 1. Portal cirrhosis. 
I. Toxemic without hypertrophy. 
biliary capillary in- 
BE 606.2% canvsess 
Il. Biliary capillary | 
cholangitis ......... 3. Biliary Cirrhosis. 
(b) Biliary obstructive. .. | 


3. Multilobular cirrhosis, probably an end-result of syphilis in 
childhood. 

4. Hepar lobatum—post syphilitic scars. 

5. Cirrhose cardiaque. 

In closing, I cannot resist the temptation to give expression to a 
thought, which is growing into a conviction, that when dealing with 
cirrhosis of the liver we must regard it as closely allied to the diseases 
of the blood, for the following reasons. Banti’s disease is an accepted 
blood disease, associated with cirrhosis of the portal type. Splenic 
anemia if accepted as a clinical entity always suggests liver changes 
to the clinician, a suggestion born of an involuntary association of the 
two, based possibly on Banti’s writings. Diabété bronzé is a typical 
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irrhosis and diabetes plus a marked disturbance in the metabolism of 
iron and a moderate anemia. From this to the hemosiderosis of ordi- 
nary atrophic cirrhosis is not so far a cry as to be unheard, especially if 
the latter be associated with an anemia. The jaundice present in most 
cases of cirrhosis is urobilin jaundice, probably the same substance 
which causes the yellow color in pernicious anemia. Some writers who 
have made special search have found red bone marrow of the type 
seen in the high grades of anemias. While it is true that this has not 
een found by many clinicians, it is also equally true that very few 
have searched for it. Finally, when we begin studying hypertrophic 
cirrhosis we find such practical men as Mayo abandoning the term 
hypertrophic cirrhosis and visualizing it as a work hypertrophy in 
hemolytic jaundice, a disease which is unquestionably classifiable as 
i disease of the blood. 































THE ANTIDIURETIC EFFECT OF PITUITARY EXTRACT 
APPLIED INTRANASALLY IN A CASE OF 
DIABETES INSIPIDUS * 


HERRMANN L. BLUMGART, M.D. 
BOSTON 


INTRODUCTION 


The combination in diabetes insipidus of insatiable thirst and 
polyuria interfering with sleep and all the ordinary activities of life 
naturally has stimulated numerous workers in the past ten years to 
devise some ‘method whereby the lives of the sufferers of this disease 
could be made more tolerable. In 1913, Von der Velden * and Farini * 
demonstrated that the subcutaneous injection of pituitary extract 
checked both the polyuria and the polydipsia. This observation has been 
abundantly confirmed. Two features of hypophyseal therapy render 
it still highly unsatisfactory. First, the effect is transitory, and, second, 
hypodermic injection has always been essential and is inconvenient and 
difficult for continued use of patients. 

Even though.the effect is transitory, however, if pituitary extract 
could be introduced into the body in more frequent doses and in a less 
inconvenient manner, great comfort would naturally result. Absorption 
by way of the gastro-intestinal tract has been tried by many observers. 
Failure has attended practically all attempts to diminish the urinary 
output by dried extract given by mouth. Motzfeld* controlled the 
diuresis in one case by feeding fresh posterior lobe of the ox. Christie 
and Stewart * were, however, unable to confirm this result in their case. 
Christian,® in a case studied by him, found that pituitary extract intro- 
duced in suppositories, by colonic irrigation, and in gumdrops which 
were allowed to dissolve slowly in the mouth, failed to exercise any 
antidiuretic effect. 

In the case under observation only 0.005 c.c. of pituitrin “O” * 
subcutaneously was necessary to effect a marked diminution in the 


*From the Medical Clinic of the Peter Bent Brigham Hospital 

1. Von der Velden, R.: Berl. klin. Wehnschr. 5@:2083, 1913. 

2. Farini, A., and Ceccaroni, B.: Gazz. d. osp., Milano, 34:879, 1913; Clin. 
med. ital., Milano 52:497, 1913. 

3. Motzfeld: Endocrinology 2:112, 1918. 

4. Christie and Stewart: Arch. Int. Med. 20:10 (July) 1917. 

5. Christian: Med. Clin. N. America 3:849 (Jan.) 1920. 

6. Pituitrin “O” is the aqueous extract of the posterior lobe of the pituitary 
prepared by Parke, Davis & Company for obstetric use and is one-half the 
strength of pituitrin “S” prepared for surgical use. 
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urinary output. Since so small an amount was effective and since cer- 
tain methods had not been attempted, it seemed worth while to under- 
take the following study. 

REPORT OF CASE 

G. C., (No. 31,569), a schoolboy, aged 16, entered the Peter Bent Brigham 
Hospital Nov. 28, 1921, complaining of thirst and frequency of urination. 

Family History—Father, mother, two brothers and five sisters are living 
and well. 

Past History —Negative, save for diphtheria at 3. 

Present Illness—Patient felt perfectly well until three months before admis 

m when he noted the rather sudden onset of polydipsia and polyuria which 
gradually increased. 

Physical Examination—Patient was a poorly developed and poorly nourished 
boy, with slight diffuse brownish pigmentation of the skin over the entire body 
Ophthalmoscopic examination was negative. A complete general and neurologi 
examination, including perimetry, showed no other abnormalities. 

Clinical Pathology.—Bioop: Hemoglobin was ~85 per cent. (Sahli); red 

lood cells, 4,832,000; white blood cells, 11,300. A stained smear showed detinite 

hromia and slight anisocytosis. The blood Wassermann reaction on two 
occasions was strongly positive. Blood sugar: 7.1 mg. per hundred c.c. Blood 
urea nitrogen, 10 mg. per hundred c.c. 

The blood Wassermann reaction of the patient’s father was very weakly 
ositive. 

Urine: Clear, pale, acid, without sediment; specific gravity, from 1.000 to 
1.003; no albumin or sugar. Daily urine output Varied from 6 to 9 liters. 

SprinaL Frum: Clear and colorless; pressure, 155 mm. water; contained six 


ells per c. mm. Globulin reaction was slightly positive. The Wassermann 


reaction was weakly positive in 2 c.c. and in 1 c.c. 


RoeENTGEN-Ray EXAMINATION: Stereoscopic plates of the skull showed n 

evidence of any abnormality. 
METHOD 

The procedufe employed was as follows: The patient was given a 
diet containing a fixed amount of protein and salt. This precaution 
was taken because it has been shown conclusively that the chlorid 
and nitrogen intake influences the urinary output.’ Between meals the 
patient was encouraged to take as much liquid as he desired. He was 
not allowed to eat between meals nor was he allowed lemonade, coffee 
or other beverages which might introduce confusing factors. The 
water content of the food, while not accurately determined, was kept 
approximately uniform. Under this regimen, the patient’s fluid intake 
was 5,000 c.c. from 7 a. m. to 7 p. m. and about 3,000 c.c. during the 
night. In order to establish a standard curve of excretion, the 5,000 c.c 
intake was distributed evenly throughout the day, 200 c.c. being given 
every half hour from 7 a. m. to 7 p. m. During the same period, the 
urine was collected every hour. Under these conditions the fluid intake 
and output were relatively uniform. Single doses of pituitary extract 
ubcutaneously, intranasally, by rectum and by mouth, and of histamin 


7. Oehme and Oehme: Deutsch. Arch. f. klin Med. 127:261; 1914 
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subcutaneously and intranasally were administered. The intake being 
constant, the effect sought was a delayed excretion rather than a 
diminution in the total urinary output. This procedure, in excluding 
subjective factors and ensuring a more uniform rate of excretion 
makes effects of lesser magnitude discernible. 

The methods which gave any indication of influencing the urinary 
output were then tested by placing the patient on unlimited fluids and 
noting the effect over twenty-four hours. 


OBSERVATIONS 


Effect of Pituitary Extract and Histamin.—The patient was put on 
a fixed intake of 200 c.c. every half hour with instructions to void every 
hour. On this regimen it was found that no antidiuretic effect was 


300 


200 


Urine -C.C per Hour 


100 





1 2 5 a 5 6 


e—* Subculaneous Injeclion *---* Nasai Spra 
Pit G -.005 cc. Pr. v-5a0 


Chart 1.—The comparative antidiuretic effect of subcutaneous injection of 
pituitrin “O” and intranasal spray of pituitrin “O” with fluid intake of 200 c.c. 
every half hour. Solid line represents the effect of subcutaneous injection of 
0.005 c.c. of pituitrin “O,” dashes indicate the effect of 0.5 c.c. pituitrin “O” 
sprayed intranasally at time noted by arrow. 


produced by: (1) 2 cc. pituitrin “O” retained in the mouth for ten 
minutes and then swallowed; (2) from 4 to 8 c.c. pituitrin “O” with 
20 c.c. tap water introduced by rectum; (3) histamin, 1 c.c. of 1: 10,000 
solution injected subcutaneously ; (4) histamin, 0.1 c.c. sprayed intra- 
nasally; (5) tap water 1 c.c. sprayed intranasally. On the other hand, 
a marked antidiuretic effect was produced by: (1) from 0.005 c.c. to 
0.5 c.c. pituitrin “O” injected subcutaneously; (2) from 0.5 to 5 cc. 
pituitrin “O” sprayed intranasally (Chart 1; Table 1). 
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ABLE 1.—Errect oF ADMINISTERING PiturTary Extract AND HISTAMIN BY 
Various Routes 





Urine per Hour 


After 


Administration 
Before —_—— — —- - 
Method I II Ill Ly V 
No Antidiuretie Effect: 
2 c.c. pituitrin “O” by mouth 450 435 440 255 455 
4c.c. pituitrin “O” by rectum ‘ 425 510 225 325 520 
1 c.c. histamin, 1:10,000, subcutaneously..... 540 MO 43¢€ 400 427 
Marked Antidiuretie Effect: 
0.25 ¢.c. pituitrin “O”’ subcutaneously 500 55 45 130 315 
1.0 c.c. pituitrin “O” subcutaneously.. 3%) a 20 150 825 
5 ¢.c. oral pituitary extract, intranasally... 410 45 360 510 (ty 570 


c.c. oral pituitary extract, intranasally... 335 75 % 140 455 

In order to determine the efficacy of these measures in reducing the 
twenty-four hour intake and output, the patient was encouraged to 
drink all the water necessary for comfort. The fluid intake and output 
were carefully measured. The same diet was continued. One and 
five-tenths c.c. of oral pituitary extract was sprayed intranasally every 


hree hours on one day (Column 2, Chart 2), and every four hours 
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Chart 2—Comparative effect of various measures on twenty-four hourly 


luid intake and output. I. Indicates fluid intake; O, urinary output. I. 
Effect of lumbar puncture. II. Intranasal spray of 1.5 c.c. oral pituitary extract 
every three hours. III. Intranasal spray of 1.5 c.c. oral pituitary extract every 
tqur hours. IV. Phenyl salicylate coated tablets, 1.3 gm. V. Posterior lobe 
pituitary pills (Burroughs Wellcome Co.) 0.13 gm. every four hours. VI. Swab 
aked in 1 c.c. pituitrin “O” inserted in one nostril and changed every four 
ours. VII. Subcutaneous injection of 0.5 c.c. pituitrin “O” every six hours. 
VIII. Histamin, 1 c.c. 1: 10,000 solution (Parke, Davis & Company) injected 
ibcutaneously every six hours. 
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on the next day (Column 3), with marked decrease in urinary output 
A cotton plug soaked with 1 c.c. of pituitrin “O” was introduced into 
one nostril at four hour intervals with essentially the same result 
(Column 6). Pituitary extract was then withheld and after the 
patient had returned to his usual intake and output level, pheny! 
salicylate coated tablets (Column 4), and posterior lobe pituitary tab- 
lets (Burroughs Wellcome Co.), (Column 5), were administered by 
mouth. 

The results are graphically represented in Chart 2. 

Changes in Blood Concentration—An attempt was made to deter- 
mine what changes, if any, occurred in the concentration of the blood 
serum before and after intranasal administration of pituitary extract. 
The patient was allowed an unlimited intake of fluid. Two specimens 
of blood were taken at hourly intervals, after which 4 c.c. of pituitrin 
“OQ” was sprayed intranasally. Samples of blood were taken at the 
end of one-half hour, one hour, two hours and three hours. The protein 
concentration of the blood was determined by the refractometer. That 
this is both exceedingly sensitive and reliable as an index of blood 
concentration has been demonstrated by Reiss.* 


TABLE 2.—CuHances tn Bioop Concentration Berore AND AFTER INTRANASAI 
ADMINISTRATION OF Piturtary Extract 








Percentage of Urine 

Time Concentration (Water ad lib.) 
ee ; ‘. ntenedavameanten icoeneneneesua 9.25 420 
i bers seen Oe ' nia jalan ein erate 9.25 95 
10:30... “ eeeeenstaeenee dpeainentubeetihes 9.25 o 
= sdnntenewes 66. 60sbdighececenbesies ome ou 
a idinmddink Ces abwowalhes Vases heen 8.0 33 





Metabolism.—The possible effect of pituitrin on the metabolic 
rate was also investigated. The patient’s basal metabolism was there- 
fore determined on four occasions by the Tissot method, two deter- 
minations which checked within 4 percent. being made each time. 
The normal standards of Aub and DuBois for calories per square 
meter of body surface (height-weight formula) per hour were used. 
and the results expressed in per cent. of normal. The determination: 
were made after a fourteen hours’ fast, on two occasions after the 
administration of pituitary extract and on two other occasions without 
any medication. 

The results were as follows: Dec. 15, 1921, —4; December 31, 
— 26; Jan. 9, 1922, — 20; January 13, — 23. The relatively high result 
of the first determination was probably due to the patient’s restlessness, 
associated with thirst and a desire to void. The second and third 
determinations were made immediately following pituitary extract 


8. Reiss: Arch. f. exper. Path. u. Pharmakol. 51:18, 1903. 
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prays with the patient perfectly comfortable and quiet. The fourth 
letermination was done two days after pituitary extract was discon- 
tinued, when his daily intake and output were 8,600 c.c. and 8,400 c.c., 
respectively. Prior to the first three determinations the patient had 
een deprived of water for approximately three hours, but on this 
fourth occasion he was permitted small amounts of warmed water at 
room temperature until one hour before the metabolic rate was deter- 
mined. As a result, the patient was not restless and the metabolic 
rate was determined under more satisfactory conditions. 

The foregoing results do not indicate any marked pituitary extract 
effect on the metabolic rate. Whether the lowered metabolism in this 

ise bears any relation to the syndrome of diabetes insipidus, or whether 
is due entirely to the malnutrition of the patient,’ it is impossible 
to say. 
DISCUSSION 

Extract of the posterior lobe of the pituitary sprayed intranasally 
hecked both the polyuria and polydipsia as effectively as hypodermic 
njections. All administrations of dried or aqueous extracts by mouth 

rectum proved ineffectual, this being in accord with the results of 
practically all previous observers. 

Histamin, whether sprayed, swallowed or injected subcutaneously, 
failed to modify the thirst or polyuria. One c.c. of a 1: 10,000 solution 
njected subcutaneously did not cause any oxic symptoms. The prep- 
iration used was shown by Dale’s method to be physiologically active 
in concentrations of !: 10,000,000. 

Lumbar puncture, performed on two different occasions, did not 
lower the water or urinary output as it did in the cases reported by 
Herrick *° and Graham." 

The effect of pituitary extract intranasally and subcutaneously was a 
iminution of the water intake and urinary output with a correspond- 
ng alleviation of thirst, a rise in the specific gravity of the urine and 
i dilution of the blood. The dilution of the blood has also been noted 

Konschegg and Shuster ** and by Priestly.’® 

Whether intranasal sprays will be as successful in other cases, is, 

course, impossible to state, for it is conceivable that the efficacy of 

method in this instance was due to the small amount of pituitary 
extract that the patient required. 

The exact mechanism underlying the nasopharyngeal absorption is 

it clear. Certain facts are, however, of considerable interest in this 
9. Benedict, Francis G., Miles, Victor R., Rath, Pane, Smith, H., Monmouth: 
thlication No. 280, Carnegie Institution of Washington, 1919, p. 69 

10. Herrick: Arch, Int. Med. 10:1 (July) 1912 

ll. Graham: J. A. M. A. 69:1498 (Nov. 3) 1917 


12. Konschegg and Shuster: Deutsch. Med. Wehnschr. 51:1091, 1915 
Priestly, J. G.: J. Physiol. $$:305, 1921 
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connection. “That the lymphatics of the nasal mucosa are in almost 
direct communication with the subarachnoid space has been clearly 
demonstrated,” ** and clinically, in children, a surprisingly small patch 
of inflammation in the nasopharynx excites convulsions, stupor and 
other phenomena indicative of considerable cerebral irritation." 
Flexner ** has shown that after intraspinal inoctlation of monkeys with 
the Diplococcus Intracellularis, the organisms can be detected hoth free 
and intracellularly in the nasopharynx; and similarly, the virus of 
poliomyelitis has been demonstrated in the nasal mucosa of monkeys 
inoculated intraspinally."’ The successful inoculation of poliomyelitis 
virus into the nasopharynx of monkeys, clearly demonstrating that the 
nasopharynx may serve as a portal of entry, is also suggestive in this 
connection.** 

The preceding evidence indicates that the nasopharynx constitutes an 
important factor in certain diseased states, but whether absorption in 
the present instance is accomplished by the blood stream, by the lym- 
phatics, or by both channels, it is impossible to state. 


CONCLUSIONS 


1. In a case of diabetes insipidus under observation, extract of the 
posterior lobe of the pituitary applied intranasally checked both the 
polyuria and polydipsia as effectively as hypodermic injection. 

2. Histamin, subcutaneously ; lumbar puncture, and pituitary extract 
by mouth, by rectum, and by phenyl salicylate coated tablets, proved 
ineffectual. | 


Nore.—After this paper had been written, three additional cases of diabetes 
insipidus were studied. In each instance intranasal application of pituitary 
extract was found to be fully as satisfactory as hypodermic injection in reduc- 
ing the fluid intake and urinary output to an approximately normal level. 


14. Peabody, Draper and Dochez: A Clinical Study of Acute Poliomyelitis, 
Monograph of the Rockefeller Institute for Medical Research, No. 4, June 1, 
1912, p. 12. 

15. Schloss, O.: Personal communication. 

16. Flexner, S.: J. A. M. A. 55:1105 (Sept. 24) 1910. 

17. Flexner, S., and Lewis, P. A.: J. A. M. A. 54:535 (Feb. 12) 1910. 

18. Landsteiner, K., and Levaditi, C.: Ann. de I'Inst. Pasteur 24:833, 191°. 
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rhe lessened vital capacity in intrathoracic diseases and the recom- 
iendation that vital capacity be used as a test of physical ‘fitness have 
newed interest in the question of normal standards for vital capacity. 
he vital capacity varies greatly even among healthy individuals, and 
me of the factors which accompany these variations are known. 
\mong them are the sex, weight, height, size of the chest, age and 
general physical fitness. The clinician desires a normal standard with 
vhich he may compare the vital capacity of his patient. Would he 
better, for example, to compare it with the average for individuals 
| the same height, of the same weight or of the same chest measure- 
ments; or should he use some combination of these? Obviously, that 
standard is best which shows the least variation among normal 
ndividuals. The convenience of the standard also deserves some 
msideration, for a convenient standard is more likely to be generally 
used. 

Hutchinson * after examining about 3,000 men came to the conclu- 
sion that the most reliable standard for estimating the vital capacity 
| men was their standing height. He stated that on the average the 
vital capacity increased 8 cubic inches of air for every inch increase of 
eight between the heights of 5 and 6 feet. According to Hutchinson 
the vital capacity increased also with the weight, but this occurred 
nly up to an average weight of about 155 pounds. Increases of 
veight beyond this were not, on the average, accompanied by increased 
ital capacity. According to Hutchinson also the vital capacity tended 
grow less after the age of about 33 years, although the chest 
rcumference showed a slight tendency to grow greater. Peabody and 
\Ventworth? grouped their normals into three classes according to 
eight. This method has an obvious disadvantage in the case of those 
vhose heights lie near the class borders, for they are compared with 
standard that is best suited for a different height. Lundsgaard and 
in Slyke * compared the vital capacity with certain chest dimensions ; 





*From the Department of Medicine, Leland Stanford Junior University. 
1. Hutchinson, J.: On the Capacity of the Lungs, and on the Respiratory 
nections, with a View of Establishing a Precise and Easy Method of Detect- 
g Disease by the Spirometer, Med. Chir. Tr. Lond. 29:139, 1846 

2. Peabody, F. W., and Wentworth, J. A.: Clinical Studies on Respiration 
\rch. Int. Med. 20:443 (Oct.) 1917. 

3. Lundsgaard, C., and Van Slyke. D. R.: Relation Between Thorax Size 
| Lung Volume, J. Exper. M. 27:65, 1918. 
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but West * found a poor correlation between these dimensions and the 
vital capacity of his subjects. Dreyer* compared the vital capacity 
with the weight, the stem height (measured from the top of the head 
to the end of the sacrum) and the circumference of the chest. So 
far “as weight was concerned, Dreyer neglected this in individuals 
whose weight did not correspond to their stem height; so that for 
practical purposes his comparisons were based on the stem height 
and the circumference of the chest. Finally West * compared the vital 
capacity with the surface area, as calculated from the height and 
weight by the DuBois’ formula.* 

Our observations were made on 400 normal young men at Leland 
Stanford Jr. University between the ages of 18 and 30. All of these 
were active and showed no evident signs of disease. In each case the 
height was taken in bare feet and the weight was stripped weight. The 
vital capacity was determined by a spirometer which gave accurate 
readings. Each individual was first shown how the test was performed 
and was then given three trials. The highest of the three readings 
was recorded as his vital capacity. The body surface area was estimated 
from the height and weight by using the diagram of DuBois and 
DuBois. Unfortunately, neither the sitting height nor the stem 
height according to Dreyer were taken. The individual observations 
are shown in Table 1. 

A general conception of the relation between the vital capacities 
and weights of our students may be gained from Figure 1. The obser- 
vations were grouped according to weights, and the average vital 
capacity for each weight group was determined. These averages 
increased with increasing weights but the rate of increase was relativel) 
rapid at low weights and relatively slow at high weights. Hutchinson 
noted a similar change at the higher weights. In his statistics, however, 
the change at higher weights was more marked. We are inclined t: 
attribute this difference to the fact that Hutchinson’s observations’ 
included men of all ages. The excess fat so often accumulated as a 
person grows older is probably accompanied by no corresponding 
increase in vital capacity. Dreyer stated that the vital capacity is 
proportional to the 0.72 power of the weight (W+°7?). Dreyer’ 
line representing this relationship is curved in the general direction 
of our averages ; but the curve for the weights here under consideration 
is hardly appreciable. For the sake of comparison we have inserted 


4. West, H. F.: Clinical Studies on Respiration; Comparison of Various 
Standards for Normal Vital Capacity of Lungs, Arch. Int. Med. 25:306 (March) 
1920. 

5. Dreyer, G.: The Assessment of Physical Fitness, New York, Paul B. 
Hoeber, 1921. 

6. DuBois, D.. and DuBois, E. F.: Clinical Calorimetry. Fifth Paper. The 
Measurement of the Surface Area of Man, Arch. Int. Med. 15:868 (June) 1915 
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TABLE 1—Vitat Capacity or Grotp or CoLLece STUDENTS 














Height Weight Surface Vital Height Weight Surface 
Area Capacity Area 
187.0 *.06 43 2.14 
186.7 1.98 63 1.7 
198.7 2.17 67.2 1.86 
189.2 2.07 61.5 1.76 
195.5 2.18 65.0 1.78 
180.5 64.4 1.78 
185.4 77.3 01 
184.0 71.4 1.58 
172.0 78.2 01 
187.2 60.5 1.81 
185.4 67.3 1.76 
72.7 4 1.75 
179.5 61.6 1.75 
185.0 64.5 1.80 
180.0 72.7 1.¢. 
180.0 1.78 
180.3 2.08 
184.0 1.88 
181.2 1.77 
191.0 19 
180.3 1.90 
187.9 1.92 
174.5 1.94 
186.0 1. 
184.0 £01 
185.0 1.9 
185.4 2.06 
185.4 1.89 
188.1 1.98 
191.0 1.83 
190.5 2.2 1.4 
185.3 78.2 8 1.78 
182.8 75.0 1.96 1.97 
173.0 714 1.83 1.75 
184.0 63.6 1.85 1.85 
179.0 64.6 1.82 1.74 
177.7 70.6 1.88 1.84 
179.1 63.6 1.383 1.77 
185.4 84.0 07 1.& 
170.0 77.3 1.87 1.77 
186.5 2.10 1.82 
187.2 1.95 1.84 
188.0 1.96 1.83 
178.1 1.98 1.87 
189.0 07 1.88 
180.3 77.5 1.% 1.97 
177.8 62.3 1.76 2 1.96 
177.0 6.0 1.75 78 2.06 
177.5 58.2 1.76 73.2 1.4 
185.3 84.1 08 9. 1.98 
181.8 84.1 2.0 1. 1.92 
178.0 60.5 1.76 06 
185.3 70.0 1.98 1.81 
175.2 65.9 1.79 1.89 
181.0 70.5 1.89 1.88 
180.0 64.1 1.83 1.87 
170.0 70 1.81 1.75 
180.3 68.0 1.87 1.77 
181.0 80.8 2.01 1.98 
168.0 63.3 1.72 1.87 
181.5 70.4 1.90 1.% 
181.8 74.4 1.95 1.76 
185.4 72.7 1.04 1.7% 
175.9 64.5 1.79 1.77 
179.0 68.0 1.83 1.8 
173.9 68.6 1.84 1.41 
173.0 4.0 1.76 1.80 
184.0 70.0 1.91 1.83 
174.0 94.0 2.08 1.74 
17—5 80.0 1.9 1.77 
177.0 69.1 1.86 1.82 
178.1 718 1.88 154 
180.6 2.00 82.7 2.0% 
185.6 1.96 92.0 2.14 
185.0 1.91 70.0 1.85 
188.0 206 67 1.78 
174.0 1.04 75.9 1.91 
167.6 1.6 63.6 1.76 
184.0 1@ 69.1 1.91 
176.0 1.86 1.8 1.84 
180.8 1.95 0.5 1&9 
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TABLE 1.—Vrrat Capacity or Group or CoLiece Strupents—(Continued) 
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TABLE 1.—Vrrat Capacity or Group or CoLtLtece Stupents—(Continued) 











Vital Height Weight Surface Vital Height Weight Surface 
Capacity Area Capacity Area 
4,087 171.3 1.60 160.0 70.5 1.73 
4 095 176.4 1.75 162.5 57.5 1.59 
4,015 173.4 1.34 163.0 84.5 1.90 
1,050 170.1 1.92 165.0 57.7 1. 
4.015 170.0 1.64 175.5 58.8 1.72 
4,015 165.0 1.@ 168.5 6.5 1&4 
$087 168.2 1.73 172.6 1 1.70 
$087 164.0 1.71 157.4 4 1.46 
4,050 166.3 1.67 172.6 68 18 
1.050 172.0 1.68 162.5 w.0 1.64 
4.050 172.2 1.72 177.8 0 1.74 
4050 172.5 1.67 185.0 58.4 1.79 
4,000 160.5 1.69 173.0 a1 1.72 
4,000 173.6 1.70 172.0 00 1.7 
no 172.7 1.72 167.6 65.9 1.7 
~ 168.3 1.6 171.0 16.9 1.77 
960 176.0 1.80 170.0 55.9 1.4 
133 180.0 1.96 179.0 62.2 1.77 
ISS 173.0 1.70 175.2 3.9 1. 
900 180.3 1.4 171.0 66.9 1 
33 158.7 1.68 160.7 7 1.0 
Oo 100.0 1.73 157 1 
33 168.0 75.8 1.86 162.8 1.60 
; 170.5 g 1.70 166.9 1.65 
168.0 58 1a 180.3 1.78 
174.5 ; 1.87 166.0 1.74 
1006 53. 1.55 167.0 174 
167.0 2 1.70 187.0 1.8 
182.8 7 1.90 170.1 1.70 
172.6 55. 1.77 170.1 1&2 
167.6 56. 1.64 160.5 1.69 
176.6 64.5 1.79 176.0 1.75 
179.0 68.2 1.81 168.0 1.57 
172.0 67.5 1.7 160.8 1.65 
179.0 00.4 1.76 164.3 1.55 
168.9 70.7 1.81 167.0 1.77 
170.0 58.2 1.68 165.0 1.69 
179.3 58.6 1.76 175.5 1.74 
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Figure 1 the straight line relationship between weight and vital 

ipacity as calculated from our data, Dreyer’s line, and Hutchinson’s 
iverages of vital capaeity fer different weight groups. The lower 
iverages in Hutchinson’s statistics will be considered farther on. 
Figure 2 indicates for our students the average vital capacities of 
the different height groups. We have added the similar averages of 
Hutchinson’s cases, the straight line relationship between vital capacity 
ind height as calculated from our data and the straight line relationship 
which Hutchinson proposed for his. Both in our cases and in those 
f Hutchinson the relationship between the height and the vital capacity 
for height groups approached a straight line. 












[he statistical methods employed are based on two assumptions 
[he first is that the relationship between the factors compared 
pproaches a straight line relationship. We have shown that this is 
pproximately the case so far as the relation between height and vital 
ipacity is concerned. The relation between weight and vital capacity 
leviates somewhat from a straight line in the case of our students 
nd this deviation is quite marked in Hutchinson’s observations. The 
econd assumption is that the data for each group of observations 
proximates the so-called normal distribution curve. This is true of 
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Fig. 1.— The vital capacity and weight. The dots represent the average 
vital capacities for different weight groups of Stanford students. The circles 
represent similar averages for Hutchinson’s cases. The upper straight line is 
the calculated line for Stanford students. The line just below is Dreyer’s line 
Its curve is hardly perceptible. 
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Fig. 2.— The vital capacity and height. The dots represent the average 
vital capacities for different height groups of Stanford students. The circles 
represent similar averages for Hutchinson’s cases. The upper straight line is 
the calculated line for Stanford students. The lower straight line is that pro- 
posed by Hutchinson. 
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iologic Measurements in general, including height and weight. It is 
lso true of the vital capacity. Figure 3 shows the actual observations 
Stanford students and the calculated theoretical distribution curve. 
With the above assumption it is possible by the mathematical 
methods employed in statistical studies to determine the relation of 
vital capacity to height, to weight and to their combination. For deter- 
mining these relations in college students we have used our figures on 
* 400 Stanford students, the figures of West on eighty-five Harvard 
medical students and the figures of Schuster * on 959 Oxford students. 
For comparison, Hutchinson’s data on 1,285 men as shown in his 
lable D have also been used. We have calculated from these data 
e standard deviations, the coefficients of correlation, and the formulas 
vhich best express the straight line relationship between vital capacity 
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Fig. 3—The frequency curve for the vital capacities of Stanford students. 


The shaded columns represent the number of observations between different 
limits of vital capacity. The curve represents the theoretical distribution as 
alculated from the standard deviation, the mean, and the total number of 
bservations. 


and various other factors. The methods used are described in Yule’s 
“Introduction to the Theory of Statistics.” 


Briefly, it may be stated that the standard deviation expresses the dis- 
persion of the data on either side of the average. It is expressed by the 
P =x’ . — . — 
formula ¢= a where ¢ is the standard deviation, x is the deviation of 
ny one point from the average, =x’ is the sum of the squares of these indi- 
idual deviations, and N is the number of observations. 


7. Schuster, E.: First Results from the Oxford Anthropometric Laboratory, 
metrika 8:40, 1911. 
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The coefficient of correlation, r, indicates how closely the observations of 
any two sets of data on the same individuals, e. g. vital capacity and height, 
range themselves about a straight line relationship. It is calculated from 

@ =xy << ‘ 
the formula = we where x and y represent the deviations of each point 
from the averages of x and y, respectively, =xy the sum of the products of 
these deviations, N the number of observations and ¢x and ¢y the standard 
deviations of the two groups of observations that are being compared, e. g. 
vital capacity and height. The more nearly r approaches unity the more 
closely do the data range themselves on a straight line, i. e., the more exact 
is the linear correlation. A mathematical expression for the line of relation- 


ship is given by the formula y=a trix where for example, y represents 
the vital capacity, x the height, r the coefficient of correlation between height 
and vital capacity, ¢y the standard deviation’ of the vital capacity, ex the 
standard deviation of the height and a is a constant. The standard deviation 
of the individual observations from this calculated line is represented by th: 
expression ¢yV1—r’, 





TABLE 2.—Resutts or Comparison oF Data From TuHree Groups or STUDENTS 


Oxford Harvard | Stanford 8. &H 8. H. & 0. Hutchinsor 











Number......... end 959 85 400 485 1,44 1,285 
Means: 
Weight 68.52 64.50 68.49 63.28 68.30 
een 176.5 173.6 a §6=—sE. ‘eanctpscuce 176.2 171.5 
Vital eapacity....... 4,315 4,651 4,646 4,647 4,426 3,602 
Surface area...... cewecstedes 1.776 1.835 1.825 
Standard Deviations: 
Weight.. ne 7.428 7.176 8.831 a 7.885 8.796 
Height.. peseusses 6.608 6.856 7.121 - aie 6.805 6.687 
Vital capacity beusense 613.2 652.5 655.8 655.3 646.9 (446.3)* 
BURNED BE Rcccccsec) cocceccesce 0.1167 0.1332 0.1324 ..... stents 'E euttses ; 
Coefficients of Corre- 
lation: 
Wt. : Ht 0.46 Ol | GERD. | secscsnece- 0.60 0.60 
Wee & We Ge 0.598 0.67 0.49 onest 0.538 (0.63)* 
Ht. : V. C. 0.57 0.68 0.55 a 0. (0.86)* 
BS. A.: V.C 0.73 0.57 0.59 





* Caleulated from Hutchinson's averages as given in his Table D. The use of averages 
makes the standard deviation too small and the coefficients of correlation too large. 
Table 2 gives the results obtained by these statistical calculations. 
In the group studied by Hutchinson, which comprised men of different 
ages and different occupations, the average weight was the same as 
the average weight of the college students, whereas the average height 
was definitely less. On the average, then, Hutchinson’s subjects were 
somewhat shorter and relatively fatter than our students. The average 
vital capacity differed considerably in the different groups. The Stanford 
and Harvard medical students showed the highest average vital capac- 
ity ; the Oxford average was about 7 per cent. lower and Hutchinson’s 
average group was more than 20 per cent. lower. This low average 
in Hutchinson’s group was probably due, in part, to the fact that he 
studied men of all classes and all ages, whereas college students 
represent a picked class both as to age and general physical fitness. It 
seems unlikely, however, that the low average in Hutchinson’s group 
was due entirely to this cause. Difference in technic or in the instru- 
ments used may have been partly responsible for his low figures. 
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Fluctuations on either side of the average are indicated by the 
standard deviations given in Table 2. These fluctuations were greater 
:mong the Stanford students than among the Oxford or the Harvard 
medical students. In all groups the fluctuations of vital capacity were 
relatively greater than the fluctuations of either weight or height. Thus 
for all students the standard deviation for vital capacity amounted to 
14.6 per cent. of the mean, the standard deviation for weight amounted 
to 11.5 per cent. of the mean, and the standard deviation for height 
:mounted to 3.9 per cent, of the mean. It is evident, therefore, both 
from the different averages and from the standard deviations that the 
vital capacity of normal individuals shows a rather wide range of 
luctuation. 

Table 2 shows also that among college students the correlation 


; 
i 


etween weight and vital capacity is approximately the same as the 
orrelation between height and vital capacity. Hutchinson did not 
cord the individual vital capacities of his subjects and it is not possible 
from his data properly to calculate correlation coefficients for vital 
‘apacity and ‘either weight or height. We have, however, made such 
alculations from the average vital capacities given in his Table D. 
From these it is evident, as he stated and as is shown in our Figures 
1 and 2, that for his cases the correlation of vital capacity with height 
is far better than the correlation with weight. This difference between 
college men and men at large with respect to the correlation of weight 
and vital capacity may be explained on the assumption that the latter 
group includes some fat men whose excess weight is accompanied by 
no increase or perhaps by a decrease of vital capacity. It seems to us, 
therefore, that weight is not a reliable index of vital capacity unless 
one can exclude those with excess fat. 
Among college students, where excess fat is not common, there 
is a closer correlation between vital capacity and a combination of 
weight and height than between vital capacity and either height or 
weight alone. West proposed that the body surface as calculated from 
the weight and height be used as an index of vital capacity and it may 
be seen from Table 2 that the correlation with body surface is somewhat 
etter than the correlation with either height or the weight alone. A 
ombination of the linear relationships of vital capacity to weight and 
to height was calculated. This correlation will be discussed later. 
3y applying the methods of statistical study to the above data, 
formulas may be obtained by means of which one may calculate for 
lege students the probable vital capacity either from the height, from 
e surface area, or from the linear combination of height and weight 
Che first and last formulas are based on the combined Stanford, Oxford 
nd Harvard medical statistics. The second is based on the correlation 
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coefficient between vital capacity and surface area of the Stanford and 
the Harvard medical groups and on the average for all students. The 
formulas obtained are as follows: 

VC—50 Ht—4,400 

VC=2,900 SA—1,000 

VCG=27 Wt+31.5 Ht—3,000 

In these formulas vital capacity is expressed in cubic centimeters, 
height in centimeters, surface area in square meters and weight in 
kilograms, 

Che standard deviations of the observed vital capacities of students 
from vital capacities which have been calculated from the above 
formulas are as follows: 

Standard deviation of vital capacities from height formula, 
548.6 c.c. 

Standard deviation of vital capacities from surface area formula, 
529.1 c.c. 

Standard deviations of vital capacities from weight and height 


formula, 521.1 c.c. 


TABLE 3.—SHowinc NumsBer or Stupents Out or Eacuh Hunprep Wuo 
May Be Expectrep to Have a Vitat Capacity WHIcH FALLS BELow THE 
FoLLowInc PercentTaGes oF THeriR CALCULATED VitAL Capacity, WHEN 
rHeE DirrerENT Formvutas Are Usep 





Falling Below 
A 


ON 89% SO TH% 70% 
Height formula..... eeneesees ai 21.0 11.3 5.4 22 08 
Surface formula...... o« oees 0.1 10.5 48 1.8 0.6 
Height-Weight formula.............. 19.8 10.2 45 1.7 0.6 


It will be seen that in the case of college students the fluctuations 
from a formula based on both height and weight are less than the 
fluctuations from a formula based on height alone. Between the formula 
based on the calculated body surface area, and the formula based on 
linear relationships between vital capacity and height and weight, there 
is no significant difference. This conclusion, of course, applies only to 
college students. The significance of these standard deviations can 
better be appreciated if one compares how many out of each hundred 
college students will have a vital capacity that falls below any assumed 
percentage of the calculated vital capacity. Table 3 gives these figures. 

Of every hundred college students approximately twenty-one 
will have a vital capacity less than 90 per cent. of that calculated by 
the height formula, and approximately twenty will have a vital capacity 
less than 90 per cent. of that calculated by the body surface or by the 
height-weight formula. On the other hand, only about two will have 
a vital capacity less than 75 per cent. of the calculated amount. We 








mn 
uw 
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ive compared the calculated fluctuations among Stanford students with 
those actually observed and find a close agreement between the two 


DISCUSSION 

College students constitute an excellent group for determining 
normal vital capacity standards. They are young, intelligent and 
healthy. In this test intelligence is a factor because the test demands 

maximum effort and statistics might easily be impaired if some 
subjects did not understand the instructions or did not make the 
necessary effort. 

By applying statistical methods of study to the figures obtained 
from college students we have determined which gave the best index 
»f vital capacity—the height, the weight or a combination of these; 
we have obtained formulas by which one may predict the average vital 
capacity for students from their heights or a combination of these 
with their weights; and we have defined the probable fluctuations 
from these calculated averages. Unfortunately, we have not the 
figures necessary for comparing the vital capacity with the sitting or 
with Dreyer’s stem height, but we hope later to report on the value 
of this standard as judged by college statistics. 

Most standards for vital capacity are based on the assumption that 
there is a simple ratio between the vital capacity and some body 
measurement or some power of this measurement. Thus the ratio to 
the height, to the surface area or to some power of the weight or stem 
length is given. Statistical formulas usually introduce an additional 
onstant which is added to or subtracted from one side of the equation 
his distinguishes our formulas from those that have been proposed. 

Our formulas are strictly applicable only to college students. How 
far may they applied to a larger field? We have no figures which 
answer this question but it is evident from the work of others that 
they are quite inapplicable to females in general,* as well as boys." 
Furthermore, our standard is a high one for men at large, partly because 
college students represent a picked class and, partly, because 
the vital capacity tends to lessen as persons grow older. Excess fat 
is a disturbing factor in any formula which is based on weight. For 
this reason we have given no weight formula and we suspect that 
for men in general a formula based on height and weight combined may 
be no better than one based on height alone. 

Vital capacity varies considerably even in such a selected group 
as college students and even when it is compared with the height 
or with a combination of height and weight. The amount of these 





8. Emerson, P. W., and Gue, H.: Vital Capacity of the Lungs of Children 
Am. J. Dis. Child. 22:202 (Aug.) 1921. 








526 ARCHIVES OF INTERNAL MEDICINE 


variations is shown in Table 3. What constitutes an abnormal reduc- 
tion of the vital capacity? The answer to this question depends on 
whether we are comparing individuals or group averages with the 
standard. The difference between different groups of normal indi- 
viduals is illustrated by the deviations of the Oxford average and 
the Harvard medical average from our standard for college students 
Making allowances for height, the former is 2.5 per cent. below the 
average and the latter 8.7 per cent. above the average. To be signifi- 
cant, a group average should probably differ from the college standard 
by not less than 10 per cent. With respect to individual observations, 
our study shows that of every hundred college students about two 
have a vital capacity that is less than 75 per cent. of the standard. 
Assuming that an occasional student has some unrecognized disease, 
we may conclude that for men in general a reduction below 70 per 
cent. of the standard is almost always abnormal. Studies on heart 
patients and on patients with pulmonary tuberculosis indicate that in 
these diseases the vital capacity frequently falls below this figure. 
CONCLUSIONS 

1. Among college students the correlation of vital capacity with 
height and the correlation of vital capacity with weight are approxi 
mately equal. The correlation of vital capacity with a combination of 
weight and height is a little better than the correlation with either 
separately. 

2. Formulas are given which express the average vital capacity of 
college students for different heights and combinations of height and 
weight. 

3. From these formulas there is a very considerable fluctuation 
even among college students. The fluctuations for men in general, 
and the deviations in disease must necessarily be still greater. 











THE LENGTH OF LIFE OF TRANSFUSED ERYTHRO- 
CYTES IN PATIENTS WITH PRIMARY AND 
SECONDARY ANEMIA * 


JOSEPH T. WEARN, M.D. 
SYLVIA WARREN anv OLIVIA AMES 


BOSTON 


Introduction.—During recent years, and especially since the intro- 

duction of the sodium citrate method, blood transfusion has become one 
f the most common forms of treatment of the various types of 

primary and secondary anemias. Thus far, however, little is known 
as to the length of life of the transfused erythrocytes in patients with 
primary and secondary anemia, and until the recent work of Ashby’ 
no observations had been made on this subject. This investigator 
studied the length of life of transfused red corpuscles in pernicious 
anemia and found the average to be about three months. Previous 
to this time various observers had claimed the length of life of the 
red corpuscles to be from fourteen to fifty-two days.? Information 
on this point seemed desirable in that it might demonstrate the practical 
value of transfusion, serve as an aid in deciding what the proper 
ntervals between transfusions should be, and because of its relation to 
the debated problem as to whether or not there is an increase of 
hemolysins in the blood serum of individuals with primary and sec- 
ondary anemias. 

It is generally known that the transfusion of blood is a safe pro- 
cedure when the donor’s cells are compatible with the plasma of the 
recipient. The fact that the donor’s plasma may agglutinate and 
hemolyze the cells of the recipient is negligible because the donor’s 
plasma is diluted so rapidly as it enters the recipient’s blood stream 
that agglutination and hemolysis are impossible. It follows then that 
Group IV blodd (Moss classification) may be transfused without ill 
effects into persons whose bloods fall into Groups I, 11 and III. In 
. similar manner a recipient in Group I may be transfused with bloods 


of Groups II, III and IV. 


*From the Medical Service of the Peter Bent Brigham Hospital. 

*This paper is No. 20 of a series of studies on the physiology and 
pathology of the blood from the Harvard Medical School and allied hospitals, 

part of the expense of which has been defrayed from a grant from the 
Proctor Fund of the Harvard Medical School for the study of chronic diseases. 

1. Ashby: J. Exper. M. 29:267, 1919. 

2. Ashby: M. Clin N. America, November, 1919; ). Exper. M. 29:267, 1919 
Ward and Muller; Von Ott; Hunter, W.: Quoted by Ashby, J. Exper. M. 
29:207, 1919. 
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Technic—Ashby has devised an ingenious method of following the 
life of the transfused red blood cells by means of group agglutina- 
tion. Blood is taken from the recipient’s finger and mixed with 
citrated blood serum which will agglutinate the cells of the recipient 
but not the cells which have been transfused. The unagglutinated 
cells (i. e., those that have been transfused) may then be counted. The 
technic of the method is as follows (assuming a Group II recipient 
and a Group IV donor): The blood of the recipient is taken in a 
leukocyte counting pipet up to the 0.5 mark, and is diluted up to the 
11 mark with the agglutinating fluid, which is made up of Group IV 
serum and a 4.4 per cent. solution of sodium citrate in the proportion of 
1:20. The pipet is shaken and the mixture expelled into a small test 
tube in which it is incubated at 37 C. for forty minutes, with thorough 
shakings every ten minutes. It is then left in the icebox over night. 
Just before counting, the mixture is shaken and a drop placed in the 
blood counting chamber and, as directed by Ashby, “160 small squares 
in each of the two chambers are counted, the average of the counts 
taken and multiplied by 1100/2 to give the number of unagglutinated 
or transfused corpuscles per cubic millimeter of blood.” Controls on 
the activity of the agglutinating serum are made by using the technic 
described above on blood of an untransfused individual in Group II 
Theoretically, all the Group II cells should be agglutinated by the Group 
IV serum; practically, however, there remain unagglutinated on an 
average of from 20,000 to 50,000 cells per c.mm. Serum which wil! 
agglutinate the blood of a normal person in Group II, leaving only 
50,000 cells per c.mm. unagglutinated may be considered to be active 
When the unagglutinated cell counts in transfused individuals remain 
higher than these control counts, it may be assumed that the number 
of unagglutinated corpuscles in excess of the control count represent the 
number of unagglutinated donor’s cells present in the circulation. Cases 
have been studied by us according to Ashby’s method and technic. All 
counts have been made in duplicate, and the figures in the accompanying 
tables represent the average. In the cases reported, controls on the 
serum were made as described above, and, except in two instances, the 
same agglutinating serum was used throughout for all patients. Control 
counts of the new and old serums were shown to be practically identical! 
before the changes were made. 

Observations on Patients with Pernicious Anemia.—Four patients 
with pernicious anemia, whose bloods were in Group II, were trans- 
fused with citrated blood from donors in Group IV. Counts were 
then made of the transfused or unagglutinated cells in the bloods of 
these recipients, and repeated many times until the total transfused 
cells dropped to the level of the control counts. These patients pre- 
sented the clear cut and classical signs and symptoms of primary 


3. Ashby: J. Exper. M. 34:147, 1921. 
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anemia, but among them were representatives of the different stages 
of the disease. Patient A was in the sixth year of the disease, was 
bedridden and had been observed in a remission during his stay in 
the hospital the year before, but in a series of counts taken before 
his transfusion his erythrocytes were found to be steadily decreasing. 
Patient C, in the third year of the disease, was also bedridden and 
his red blood cell counts showed the same general curve as the counts 
of Patient A. In contrast, Patients B and D were in the earlier stages 
of the disease, had been able to do some work and were ambulatory 
at the time of their transfusion. 

The observations on Patient D are of especial interest in that the 
donor for transfusion was another patient with pernicious anemia 
(Group IV). When the donor was bled, 300 c.c. were withdrawn and 
he was immediately transfused with 800 c.c. of normal blood. The 
volume of cells in the 300 c.c. of pernicious anemia blood being very 
small, the unagglutinated cell count in this recipient never rose above 
97,000 per c.mm. Frequent counts were made in this case, and the 
control counts which were made on untransfused normals in Group II 
and also on the blood of an untransfused patient with pernicious anemia 
in Group II, agreed closely. 


REPORT OF CASES 


Case 1.—Patient A (Medical No. 13211) was a man, aged 41, belonging to 
Group II. His symptoms began four years before his entrance to the hospital. 
They were weakness, pallor, distress after eating and numbness of the fingers 
and toes. Two years previously, while under observation in the hospital, he 
had a typical remission with marked improvement of all his symptoms except 
the numbness of the extremities. Eight months later he again began to grow 
steadily weaker. In the month previous to his present entrance to the hos- 
pital his red cell count dropped from 1,332,000 to 676,000. He was then 
transfused with 575 c.c. citrated blood of Group IV. Blood findings before 
transfusion were: white cell count, 2,500 per c.mm.; hemoglobin, 30 per cent.; 
platelets, 98,000 per c.mm.; reticulated cells, 0.5 per cent. The blood picture 
is typical of pernicious anemia (Table 1, Fig. 1). 


TABLE 1.—Btoop Picture or Patient A 
No. of Unagglutinated or 
Date Red Blood Cells Donor’s Cells 

Nov. 16, 1920.. nian 1,152,000 
Dec. 3, 1990 - Transfused 575 c.c. citrated blood, Group IV 
Dec. 3, 1920... wring 1,024,000 530,000 
Dec. 8, 1920.... 1,936,000 ° 535,700 
Dec. 13, 1920 - 1,300,000 691,900 
Jan. 3, 1921 1,552,000 558,850 
Jan. 13, 1921 . . 1,216,000 464,200 
Jan. 20, 1921 848,000 349,800 
Jan. 27, 1921. — re 1,344,000 300,300 
Jan. 31, 1921 811,436 148,500 
Feb. 1, 1921 on ee 884.268 228,250 
Feb. 2, 1921 . ; Transfused 600 c.c. citrated blood, Group IT 
Fs peewee -_ 1,160,000 229,900 
Feb. 14, 1921 - 1,160,000 
Feb. 18, 1921...... vaste - ae 1,088,000 
Feb. 24, 1921 . 94,000 301,400 
March 1, 1921...... : ‘ 1,328,000 351,450 
March 4, 1921.... . 1,744,000 258,500 
March 10, 1921... - 1,312,000 122,650 
March 14, 1921...... : 1,004,308 100,650 


March 22, 1921.......... ‘ ee 848,000 73,150 
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Case 2.—Patient B (Medical No. 15159), a woman aged 46, also belonged 
to Group II. Her illness began one year before admission to the hospital. 
The symptoms were gradually increasing weakness and pallor, several attacks 
of diarrhea and slight numbness of the fingers. She had been able to do a 
little work around the house. Her blood report before transfusion was as 
follows: Red cell count, 3,456,000 per c.mm.; reticulated cells, 0.9 per cent.; 
white cell count, 4,700 per c.mm.; platelets, 151,000 per c:mm. The blood smears 
showed the typical findings of pernicious anemia. She was transfused with 
400 c.c. of citrated blood from a Group IV donor (Table 2, Fig. 2). 


TABLE 2.—B oop Finpincs or Patient B 


No. of Unagglutinated or 
Days Date Red Blood Cells Donor’s Cells 





1 Jan. 9, 1921... seveenseresee seudensese 3,456,000 

1 Jan. 9, 1921... ocensianany -...«. Transfused 400 c.c. citrated blood, Group IV 

3 SS SS ee nee 4,152,000 464,750 
18 Jan. 21, 1921..... ciewertanvancenscess 4,648,000 381,150 
19 Jan. 27, 1921..... 9endedeesescercesses ‘ 4,338,000 282,150 
24 a i hiceliehe-d neki ibe tindidhesattian pase 4,256,000 247.500 
31 is i bath tn cudincipeibinaiesatpeudenen 3,502,000 307 450 
38 Feb. 15, 1921. . ; nee 5,446,000* 

51 fk pebueee 5,338,000 259,600 
55 March 4, 1921.. ewes 3,688,000 S47 600 
75 PE nscsscnescoesurssivececeosoese 4,368,000 216,150 
90 Se ik cnenadtncndtiauanbesseeeseues 4,214,000 110,000 
as BE i iintcnevssecneeerccsanctssescoss 4,320,000 106,150 
lll April 29, 1921.. neneawecnseeees ‘ 4,556,000 35,200 





* The sudden rise in the total red blood cell curve was due to a short remission as shown 
by a sudden increase in the number of reticulated red cells just previous to the rise in the 
total red cell count. 


Case 3.—Patient C (Medical No. 14705) was a woman, aged 55, belonging 
to Group II. Two years before entrance to the hospital, a gradually increas- 
ing weakness, pallor and gastric distress marked the onset of her illness. Then 
she developed numbness of the hands and feet. Her blood findings before 
transfusion were: hemoglobin, 45 per cent.; red cell count, 2,356,000 per c.mm.; 
reticulated cells, 1.5 per cent.; white cell count, 4,100 per cmm. The stained 
smear was typical of pernicious anemia. She was transfused with 600 c.c. 
citrated blood from a Group IV donor and later had several transfusions of 
Group II blood (Table 3, Fig. 3). 


TABLE 3.—Btoop Finpincs or Patient C 


No. of Unagglutinated or 
Days Date Red Blood Cells Donor's Cells 


1 Jan. 18, 1921 : asesewensoesseessevesese 1,268,000 

l Jan. 18, 1921 Minddunetbsandannnetio Transfused 250 c c. citrated blood, Group 1V 
3 SD, SE, Beis cwovecceccess Subwetretveuvens 028,000 2 1 

7 SR uns cccasanoupnstones saab Transfused 600 c.c. citrated blood, Group II 
10 Jan. 28, 1921. 5séunnuintee ieaguin 2 000 166, 


4 Feb. 1, 1921 ‘ bnnieb ake 2,016,000 161,700 
16 i i accancesuegnt ae .. Transfused 550 cc. citrated blood, Group I! 
17 Feb. 4, 1921 2006s4suteduhnetteeetuceens 2,776,000 189,750 
43 March 19, 1921.... omen ooo ne 1,360,000 124,850 
43 EE Ms 66.i0<pusaggtienssaenndeentest Transfused 500 cc. citrated blood, Group IT 
71 April 16, 1921 sngadsnctsduale a 1,544,000 57,750 


Case 4.—Patient D (Medical No. 15642), a man aged 50, belonging t 
Group II, noticed symptoms of weakness and pallor three months before admis- 
sion to the hospital. One month later he had a sore tongue, distress after 
eating and numbness of the fingers. He had been able to work until shortly 
before he entered the hospital. His blood findings at entrance were as fo! 
lows: hemoglobin, 18 per cent.; red cell count, 1,224,000 per c.mm.; reticulated 
cells, 0.9 per cent.; white cell count, 5,600 per c.mm., and platelets, 128,001 
per c.mm. The smear was characteristic of pernicious anemia. He was trans 
fused with 300 c.c. of Group IV blood from another patient who had a typica! 
pernicious anemia (Table 4, Fig. 4). 
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Fig. 1—Blood findings of Patient A. In this and the accompanying charts 
e figures on the left border represent millions in the total red blood cell 
unts, and hundreds of thousands in the unagglutinated or transfused red 
od cell counts. 
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TABLE 4.—Bvoop Finpincs or Patient D 
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No. of 
Days Date 


1 March 19, 1921........ pas 
1 March 19, 1921.......... 
3 March 22, 1921 
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Unagglutinated or 
Red Blood Cells Donor’s Cells 
1,224,000 
Transfused 300 c.c. citrated blood, Group IV (P. A 
1,401 000 


6 March 25, 1921.... Saale 1,200,000 86,350 

9 ME pceccsenvesseesocsseqencesebes 1,448,000 

10 March 29, 1921 . 1,520,000 89,60 
ll March 3, 1921. oun snoue 1,928,000 87,100 
12 March 31, 1921..... a : beoese 1,864,000 86,900 
13 April 1, 1921..... 1,704,000 94,600 
4 April 2, 1921.. 1,648,000 80,85) 
16 April 4, 1921.... a ow 3 1,680,000 78,65) 
17 April 5, 1921.... - oa 7 1,688,000 150 
13 April 6, 1921........ os sanquswot@ounhe 1,568,000 94,050 
lv April 7, 1921..... . 2,144,000 99,200 
23 ID OO ones : 2,064,000 78,100 
25 April 13, 1921... .. ee - : 2,120,000 80,850 
31 BE Biiavessccasvee ae - 2,560,000 96,300 
ww April 24, 1921..... 2,688,000 84,700 
“0 April 28, 1921.... , ‘ 2,804,000 

7 May 5. 1921. / 3,832,000 82.500 
is May 26, 1921 wh ee 2,600,008 75,900 
& June 9, 1921. . ‘ 2,528,000 74,250 
109 July 6, 1921 hone ‘ 1,600,000 7 3 
ill July 8, 1921..... : sa , 1,872,000 483 


Observations on Patients with Secondary Anemia.—Four cases 
(E, F, G and H) of secondary anemia, accompanying an advanced 
nephritis, were studied in the same way. Before transfusion, the 
patients showed progressive anemias as proved by decreasing red cell 
counts. Patients F and H were bleeding constantly from thie kidney: 
and their urines showed gross blood. Patient E had a very small 
amount of blood in the urine, averaging from five to six red blood 
corpuscles per low power field when examined microscopically, while 
Patient G showed no evidence of hematuria or bleeding elsewhere. 


Case 5.—Patient E (Medical No. 15126), a man, aged 32, in Group II, ha 
had chronic nephritis for about six months before admission to the hospital 
On entry his systolic blood pressure was 190; diastolic, 110. Phenolsulphone 
phthalein excretion was 42 per cent., blood urea nitrogen, 20 mg. per hundred 
c.c. of blood. His urine showed a few red blood cells constantly, averaging 
about five or six per low power microscopic field. The blood findings were 
hemoglobin, 60 per cent.; red cell count, 4,060,000 per c.mm.; reticulate 
cells, 0.9 per cent.; white cell count, 9,650 per c.mm. The red corpuscles wer 
practically normal in size and shape but showed definite achromia. He w 


y § 


transfused with 600 c.c. citrated blood from a Group IV donor (Table 5, Fig 


TABLE 5.—Btoop Finpincs or Patient E 


No. of Unagglutinated o 
Days Date Red Blood Cells Donor’s Cells 
1 Jan. 15, 1921 4,060,000 
1 Jan. 15, 1921 Transfused 400 c.c. citrated blood, Group | 
4 Jan. 18, 1921 4,644,000 623,700 
2 March 1, 1921 4,992,000 5 
52 March 11, 1921 4,792,000 
a] March 23, 1921 4,560,000 
7 March 29, 1921 4,656,000 
77 April 5, 1921.. 4,008,000 
“4 April 12, 1921 3,544,000 
, April 2, 1921 3,368,000 
” April 27, 1921 3,420,000 
108 May 6, 1921 2,986,000 
119 May 17, 1921 3,248,000 
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Case 6.—Patient F (Medical No. 15371), a man, aged 23, in Group II, had 
influenza followed by acute nephritis two years before his entrance to the 
spital. He has passed bloody urine constantly since that time and through- 
t his stay in the hospital the urine showed gross blood. The phenolsul- 
onephthalein excretion varied from 18 to 35 per cent.; blood urea nitrogen 
as from 26 to 61 mg. per hundred c.c. on a low protein diet. Blood findings 
efore transfusion were as follows: hemoglobin, 65 per cent.; red cell count, 
4.512,000 per c.mm.; reticulated cells, 2 per cent.; white cell count, 11,200 per 
nm. The smear showed slight achromia of the red cells but was otherwise 
essentially normal in appearance. He was transfused with 550 c.c. citrated 
od from a Group 1V donor (Table 6; Fig. 6). 


. 
TABLE 6.—B Loop Finpincs or Patient F 

No. of Unagglutinated or 
Days Date Red Blood Cells Donor's Cells 

1 March 28, 1921 4,572,000 

‘ April 5, 1921..... Transfused 5680 ¢.c. citrated Llood, Group IV 

0 April 6, 1921...... . . 3,664,000 248,060 

} April 8, 1921..... 3,974,000 275,560 

15 April 11, 1921... ‘ . << ° 4,040,000 250,600 

17 April 13, 1921........ os 4,160,000 

23 April 19, 1921.. ‘ : aa 4,736,000 

0 April 26, 1921..... : 3,072,000 

6 May 2, 1921.... si $4 ; 3,216,000 

39 May 5S, 1921....... : 3,552,000 

46 May 12, 1921 ° ° ee 3,416,000 

53 May 19, 1921 _ . 3,208,000 

56 May 22, 1921 - ‘ 4,288,000 

9 June 4, 1921.. a 2,816,000 

nr June 27, 1921.... 3,828,000 

“ July 1, 192] . = ie 3,600,000 

oe July 13, 1921 . 3,506,448 

llé July 19, 1921.. - ee 4,016,000 





Case 7.—Patient G (Medical No. 14976), a man, aged 33, in Group II, had 
had nephritis for about eight months. Physical examination revealed ascites 
ind considerable edema of the genitals and lower extremities. The blood pres- 

ire was: systolic, 128; diastolic, 96. Phenolsulphonephthalein excretion was 
13 per cent., and blood urea nitrogen was 25 mg. per hundred c.c. The urinary 
sediment contained many hyalin, granular and waxy casts but no red blood 
ells. Before transfusion the red count was 3,736,000 per c.mm.; reticulated 
ells, 0.9 per cent.; hemoglobin, 45 per cent. The stained smear showed prac 
tically nermal red cells with slight achromia. He was transfused with 250 cx 

trated blood (containing 10.000,000 red corpuscles per c.mm.) from a donor 

Group IV (Table 7, Fig. 7). 


TABLE 7.—Btoop Finpincs or Patient G 


No. of Unagglutinated or 
Days Date Red Blood Cells Donor’s Cells 
1 March 28. 1921 e* 3,764,000 
5 May 2, 1921.. ae 2 206,000 
5 May 22, 1921 3,736,000 45.6% 
57 May 24, 1921 . Transfused 2% c.c. citrated blood, Group IV 
0 May 26, 1921 5,084 000 ©3000 
#7 June 3, 1921 4,576,000 °F1 2% 
74 June 10, 1921 3.984 000 300, Bia) 
’ June 15, 1921... 4 £BB 000 280,500 
AE June 21, 1971. 5,024.00 265 650 
4 June 30, 1921 4.416.000 143,3% 
f July 11, 1921 ‘ 4. 344,000 179,20 
July 18, 1921 3.712.000 190.550 
4 August 17, 1921 4,456,000 0.300) 
ie U August 25, 1971. 4.128.000 56,100 


f August 31, 1971 4,£00,000 49.550 
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Fig. 6.—Blood findings of Patient F. 
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Fig. 7.—Blood findings of Patient G. 
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Fig. 8.—Blood findings of Patient H. 
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Case 8.—Patient H (Medical No. 15653), a boy, aged 16, in Group II had 
nephritis, of two months’ duration, which followed a respiratory infection. He 
was not edematous and his blood pressure was: systolic, 148; diastolic, 90. The 
urinary sediment contained hyalin and finely granular brown casts and many 
red blood cells so that the blood was visible grossly from time to time. Phenol- 
sulphonephthalein excretion was 50 per cent., and the blood urea nitrogen was 
12 mg. per hundred c.c. His red cell count before transfusion was 3,360 000 
per c.mm.; reticulated cells, 2.2 per cent.; hemoglobin, 52 per cent.; white cell 
-ount, 6,900 per c.mm. The stained smear showed slight achromia of the red 
corpuscles. He was transfused with 250 c.c. citrated blood (containing 
10,000,000 red corpuscles per c.mm.) from a Group IV donor (Table 8, Fig. 8). 


TABLE 8—Btoop Finpincs or Patient H 


No. of Unagglutinated or 
Days Date Red Blood Cells Donor’s Cells 

l April 16, 1921.. Ryo Neer ee 4,144,000 

17 May 2, 1921...... Las. Se ee 3,672,000 

37 inn crestnpoupeateubessqeeunnts 3,360,000 

39 May 24, 1921...... FLARE E IEA AVENE Transfused 250 c.c. citrated blood, Group IV 
41 May 26, 1971...... sngeoogencecbencsecses 4,497 000 451.550 

49 Dt dicdecwsddagpedtihquainiek ; 4,560,000 281,150 

6 June 10, 1921....... sabe eavesdies os 4,344,000 306,350 
61 St atusvdsucecetnescuseteseees . 4,408,000 238,150 

OD. Sh inntlnntainscnenhidrentnadiae 4,456,000 226,060 
75 Jume 2D, 1921... ........+200. eeenewtn 5,000,000 182,20 
87 SL itunns dasccsseresacesoseqnneses 5,256,000 141,350 

a4 Ph drantdatwenennss géeeceoteenesen 4,904,000 123,750 
108 GE Wile Bab ececcccccecegesscoccses sine 5,144,000 88,000 
111 August 4, 1921.. 5,344,000 9.7% 
119 BRE Ty Bic occ cccccccccccccccsccescoces 4,952,000 62,700 
124 pS errr re 5,616,000 68,200 
1  icsnveskeutesvehastetepevensss 4,502,000 58,850 
1% August 31, 1921.... eubacecosouesseesate 5,208,000 78.100 
164 BN Eh, Biinceccccccconccccesescosccccsccses 4,688,000 48,950 


DISCUSSION 


Unfortunately it has not been possible in this investigation to study 
the length of life of cells transfused into normal individuals, but, in 
the light of the present findings, further studies on normals shayld be 
made. Ashby observed only one normal case until the transfused 
corpuscles disappeared from the circulation and found that they lived 
for thirty-nine days, while in her other two cases, which were followed 
incompletely, the cells lived about thirty-two days. In a later study, 
this author reports the length of life of transfused red blood cells in 
eight patients “without blood disease” to be very variable, some living 
as long as one hundred days, others disappearing in thirty days. The 
protocols of these patients, however, show that some of them had cancer 
or other malignant growths, one was in the tertiary stage of syphilis 
and none can be regarded as normal. Indeed, one finds included in the 
list patients with some of the most common and frequent causes of 
secondary anemia, and while in the technical sense of the term they 
may be “without blood disease” they show a decided disturbance of the 
blood. 

Ashby found the length of life of the transfused erythrocytes in 
pernicious anemia to be about three months and concluded that there 
was no hemolytic toxin producing the anemia in this disease. The 
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results of this investigation show the length of life of the transfused 
corpuscles in primary anemia, and in the one type of secondary anemia 
studied, to be from seventy-one to one hundred and ten days, but it is 
felt that no conclusion regarding the presence of a hemolysin is justi- 
fiable, because these observations furnish no direct evidence on this 
point, and also because of the lack of accurate information as to the 
duration of life of red corpuscles transfused into normal persons. 
Furthermore, no evidence could be found to support the claim, made 
by Ashby, that “on the whole, blood destruction is quiescent in per- 
nicious anemia.” The results here show merely that the length of life 
of transfused erythrocytes is greater in patients with primary anemia 
and with secondary anemia due to nephritis, than in the one normal 
case on record; and this is only known to be true when the donor and 
recipient are of unlike groups. Whether or not the same would hold 
true when the donor and the recipient are in the same group it is not 
possible to say. In addition, these observations do not throw any 
light on what is happening to the patient’s own cells during this period, 
and there is no reason to believe that the rate of destruction of the 
transfused cells is any indication of the rate of destruction of the 
patient’s own cells, for it is possible that the transfused erythrocytes, 
belonging to a group foreign to the patient, are not acted on in the 
same manner as the patient’s own cells. 

It has not been proved conclusively that the transfused blood cells 
function during their stay in the circulation, but the fact that many 
of the patients show some clinical improvement after transfusion sug- 
gets that this is the case. Moreover, the observations of several investi- 
gators have shown that any foreign material, such as manganese or 
carbo particles and foreign blood cells, when injected into the blood 
stream of an animal are removed quickly.* This being the case, if the 
transfused cells were not living and functioning as normal red blood 
corpuscles one would expect them to be removed from the blood 
stream. 

Several rises in the counts of transfused red cells were noted just 
before their final disappearance (Figs. 1 and 5). As the control counts 
on these days did not increase, and there was no variation in technic, 
differential counts of the number of microcytes were made to see if a 
breaking up or fragmentation of cells might account for these rises, 
but no evidence to support this theory was found. In view of the 
coincident rise of the total red blood cell count, it is not unlikely that 
changes in the blood volume account for the rise. One other possible 
explanation of this occurrence is that following transfusion there may 
be a definite improvement in the circulation with a resulting rise in 


4. McJunkin: J. Exper. M. 21:59, 1918. Lund, Shaw and Drinker: J. Exper. 
M. 33:231, 1921. Drinker and Shaw: J. Exper. M. 33:77, 1921. 
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the number of circulating cells in the periphery. This seems plausible 
n Case. 1. 

The most striking result of these observations on the life of the 
transfused cells in the primary and secondary anemias is their sur- 
prisingly long stay in the circulation of the recipient. The longest 
period before the disappearance of the last cells was 113 days and the 
shortest fifty-nine days, the average for all these observed being about 
eighty-three days. It must be remembered that in addition to this 
period of life as transfused erythrocytes in a foreign circulation, that 
some of these corpuscles were functioning as adult cells in the donor 
before they were transferred, but of the length of time that they had 
been in the adult stage nothing is known, nor is there any accurate 
knowledge of the period of time required for a red blood cell to pass 
from its immature nucleated stage to its adult nonnucleated stage. 
[hese considerations, together with the findings of this investigation, 
indicate that the life of the human red blood cell is much longer than 
has been believed to be the case. Whether the duration of life and 
the stages of development of these cells would have been the same 
1 the circulation of the individual from whom they originally came it 
s not possible to say. 

It is also of interest that the life of the transfused red cells in 


th secondary and primary anemias was of the same duration, _It 
seems almost probable that the transfused cells are adult red corpuscles 
f varying ages, and this, if true, would account for their steady 
gradual disappearance from the circulation of the recipient, also for 
the fact that some of the cells begin to disappear almost immediately 
after transfusion. This explanation is also compatible with the idea 
that new red corpuscles are being constantly supplied to the circulation. 
[here were no sudden drops in the transfused cell count during these 
observations, but this may be due to the time intervals between counts, 
and in this connection it will be noted that two of the patients with 
pernicious anemia were women, both of whom had ceased to men- 
struate, so that no loss of transfused cells can be accounted for by 
that route, as noted by Ashby. In Case 6, in which there was con- 
stantly a large amount of blood in the urine, an attempt was made to 
letermine the number of transfused corpuscles that were being lost in 
this way, but this was unsuccessful as the total unagglutinated count 
f the red corpuscles in the urine after centrifugalization was less than 
he control counts of the agglutinating serum on normal Group II 
lood. 

\nother point that is clearly brought out in this study is that due 

the long life of the transfused red cells one may expect to tide 
patients over the acute stages of primary and secondary anemias by 
purely mechanical means. The improvement after some transfusions, 
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except when a real remission begins, might be explained by the increase 
in oxygen carriers. This improvement, which is generally of about 
two or three months’ duration, is probably governed by the fact that 
some of the transfused corpuscles seem to function between sixty and 
ninety days. 
CONCLUSIONS 
Red blood corpuscles from donors in Group IV transfused into 
patients in Group II with pernicious anemia and anemia secondary to 
nephritis, remained in the circulation longer than has been generally 
believed to be the case. The last of the transfused red blood cells 
disappeared from the circulation in from fifty-nine to 113 days, with 
an average of eighty-three days. 
No difference was noted in a series 6f observations in the duration 
of the stay of the transtused red blood corpuscles in the circulation 
between patients with primary anemia and secondary anemia (due to 
nephritis). 
In a single observation red blood corpuscles from a patient with 
pernicious anemia transfused into another patient with pernicious 
anemia, behaved as did the corpuscles from normal donors. 



























































BLOOD PRESSURE AND PULSE RATE LEVELS 
FIRST PAPER: THE LEVELS UNDER BASAL AND DAYTIME CONDITIONS * 


T. ADDIS 


SAN FRANCISCO 


This study is primarily concerned with the question of normal blood 
pressures and pulse rates under varying conditions. The observations 
on patients cover only a restricted field and are introduced, in the main, 
as illustrations of the deductions which may be drawn from comparison 
with the normal data. The work falls naturally into two parts, one, 
the measurement of the level of pressure and pulse rate under fixed 
conditions, with which this paper is concerned ; the other, the measure- 
ment and interpretation of the changes in pressure and pulse rate 
induced by alteration of the conditions, which are dealt with in a 
succeeding paper. Most of the observations were made on soldiers at 
Camp Lewis, Wash. For the opportunity to do this work I am indebted 
to Dr. Kerr, who was in charge of the medical division of the Base 
Hospital, to Dr. Northington and Dr. Fulton who were successively in 
command, and to Lieutenant-Colonel Gibner who was camp surgeon. 
The level of pressure and pulse rate under what we have called 
“basal” and “daytime” conditions is the subject of this paper. In work 
on metabolism the word basal is used to indicate that the measure- 
ments have been made in the early morning before food has been taken 
and before the subject has done any muscular work. In this paper it 
has the same significance. The observations were made in the early 
morning before the subjects had risen from bed. In most cases they 
were first awakened by the application of the arm band. By daytime 
observations are meant those taken at various times during the day 
after the subjects had risen from bed and had taken food. In all cases 
the readings were made while the men were lying down. Those who 
had recently done any strenuous muscular work were excluded. Most 
of the work was done on Sundays when bad weather had kept the men 
relatively inactive in their barracks. 

The incentive to collect data on the normal basal blood pressure and 
pulse rate was derived from a difficulty in diagnosis in a group of 
patients who presented signs and symptoms resembling those seen in 
hyperthyroidism. While recruits from the first and second drafts were 
arriving at Camp Léwis, men were seen every day who combined an 
enlargement of the thyroid gland with tachycardia, tremor and evident 


*From the Medical Department of Stanford University Medical School. 
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signs of nervous instability. It was recognized from the first that only 
a small percentage were likely to have exophthalmic goiter for true 
exophthalmos was rare. The hyperthyroidism which arises in some 
cases of endemic goiter is uncommon at the age period of the men we 
were examining, and we were dealing with a condition which was not 
at all uncommon. It was noted also that similar signs and symptoms 
were found in men who had no thyroid enlargement, and on this 
account a statistical study was made of the incidence of tachycardia, 
tremor and various other abnormalities in large groups of men with 
and without increase in the size of the thyroid gland. This survey 
showed that there was no definite relationship between the thyroid 
enlargement and the occurrence of tachycardia, tremor and other evi- 
dences of vascular and nervous instability. It appeared, then, that the 
thyroid enlargement was only a chance concomitant which was fre- 
quently present simply because endemic goiter was so extremely 


prevalent in many of the districts from which the recruits were drawn, 
It thus seemed still more unlikely that hyperthyroidism could be a 
frequent cause of the condition. We felt confident that the great 
majority of these men were suffering from the condition described 
under the names irritable heart, neurocirculatory asthenia and effort 
syndrome. But in individual cases there was often uncertainty, and 
this led to a search for some objective clinical evidence of an increase 
in basal metabolism, to take the place of the direct measurements of 
oxygen consumption which we could not at that time obtain. 

A relationship has been shown to exist between the pulse rate and 
the metabolism when they are measured under the same conditions, and 
for some time we placed a great deal of weight on the pulse rate 
counted in the early morning before the patients had risen from bed. 
When the pulse rate was less than 70 in patients who during the day 
had tachycardia and tremor, we felt that we could probably exclude 
hyperthyroidism. However, the relation between pulse rate and rate 
of metabolism is not always close. It seems likely that the reason for 
the relation which does exist is to be found in a more general 
relation between the metabolic activity of the body as a whole and the 
activity of the circulatory system of which the pulse rate is only a 
partial expression. The true measure of circulatory activity is the 
volume flow of blood per unit of time. It has been shown by combined 
circulatory and metabolic measurements that there is a close corre- 
spondence between volume flow of blood and rate of metabolism. The 
volume flow of blood per unit of time has been determined in man by 


1. Addis and Kerr: Arch. Int. Med. 23:316 (March) 1919. 
2. Kerr: Arch. Int. Med. 24:347 (Sept.) 1919. 
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Lindhard * and by Means and Newburgh.* The output of the heart 
was measured by gas analysis methods over a short space of time during 
which the pulse rate was counted. The average output at each beat of 
the heart was thus calculated, and the volume flow of blood per minute 
obtained from the product of the systolic output per beat and the pulse 
rate per minute. In subjects on whom measurements were made before 
and after exercise a remarkably close agreement was found between 
the increase in this product and the increase in the rate of metabolism 
produced by exercise. Bainbridge® recently pointed out that a com- 
parison of such experiments shows that the two factors in the product 
which measures the volume flow of blood—the systolic output per beat 
and the pulse rate—may each vary, although for given metabolic con- 
ditions the product will remain constant. The required volume flow of 
blood may at one time be obtained mainiy by increase in systolic output 
and at another time mainly by increasing the pulse rate. This circum- 
stance seems to account for the absence of any very direct relation 
between pulse rate and rate of metabolism, and it also indicates that if 
we were able to get some clinical measure of the systolic output at each 
beat of the heart, even though it were only approximate, we might have 
a better index of the rate of metabolism than can be obtained from the 
pulse rate alone. 

Measurements of systolic output by the nitrous oxid or any other 
blood analysis method are usually out of the question in clinical work 
But von Recklinghausen *® has shown that the pulse pressure varies 
directly with the systolic output per beat, except for such variations as 
may arise from differences in the coefficient of elasticity in the arteries 
This has recently been experimentally confirmed by Bazett.’ It 
appeared, therefore, that the product of the pulse pressure and the 
pulse rate might have a close relation to the rate of metabolism unless 
differences in the elasticity of the arteries in different individuals were 
so marked as seriously to distort the relation between systolic output 
and pulse pressure. Even if that should be the case the P. P. (pulse 


pressure) X P. R. (pulse rate) product might still be a useful clinical 
method for the purpose of obtaining an indication of the direction of 
metabolic changes in the same individual at different times. 

These considerations, but especially the results of experiments 
on the effect of exercise on the P.P. & P.R. product which are 
given in the next paper, made it seem worth while to collect data or 


3. Lindhard: Arch. f. d. ges. Physiol. .161:233, 1915 

4. Means and Newburgh: J. Pharmacol. & Exper. Therap. 7:441, 1915 
5. Bainbridge: Physiology of Muscular Exercise, 1919. 

» Von Recklinghausen: Arch. f. exper. Path. 56:1, 1907 

7. Bazett: Proc. Roy. Soc. London, Ser. B 90:415, 1917 
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the P. P. & P. R. product in normal persons under basal conditions 
in order to get a control for similar observations on patients. The 
results, of course, do not allow of any conclusion as to whether the 
P. P. & P. R. product has a closer or even as close a relation to the 
basal metabolic rate as the pulse rate alone. That question can only 
by answered by direct comparison with a parallel series of determina- 
tions of basal metabolism. But the figures have an interest of their 
own apart from any possible significance they may have in connection 
with basal metabolism. In addition to these early morning observa- 
tions, the pressure and pulse rate was measured on another group of 
normal individuals during the day under the conditions we have defined 
above for daytime observations. 

In both the basal and daytime observations the pressure and pulse 
rate were observed simultaneously, the pulse rate being counted by an 
assistant while the systolic and diastolic pressures were being read. A 
mercury sphygmomanometer with a broad arm band was used. The 
diastolic pressure was taken at the end of the third phase or at the 
cessation of sound in those subjects in whom no fourth phase could be 
distinguished. 

In Table 1 the basal and daytime results on normals are compared. 
The basal averages were obtained from eighty-nine observations on 
seventy-six persons, and the daytime figures from 300 measurements 
on 300 persons. Both groups comprised soldiers on active service 
between the ages of 21 and 31. 

These results are a contribution toward the accumulation of data 
required for a definition of what is meant by normal pressure and 
pulse rate. Though a great deal of work has been done on the subject, 
the figures have usually been presented in such a way as to preclude 
the application of the statistical methods which are essential for an 
adequate understanding of their significance. The variability of the 
systolic, diastolic and pulse pressure has been admirably dealt with by 
Kilgore,” and Alvarez and his associates * have published a complete 
statistical review of a large series of measurements of systolic pressure 
in normal individuals. Alvarez arranged his data in groups according 
to the ages of the subjects, but no significant change in the systolic 
pressure was found between the ages of 21 and 31. We may, there- 
fore, compare his average systolic pressure of 126.5 on 2,930 men with 
our average of 127.4 on 300 men, and his coefficient of variation of 
12 per cent. with ours of 13 per cent. So far as the diastolic and pulse 
pressure are concerned, the only data available for the determination 
8. Kilgore: Lancet 2:236, 1918. 

9. Alvarez, Wulzen, Taylor and Starkweather: Arch. Int. Med. 26:381 
(Sept.) 1920. 
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increase in diastolic pressure and is due entirely to the rise in systoli 
pressure. Since the systolic pressure, other things being equal, 
determined by the amount of blood pumped out by the heart, we may 
assume that during the day the output of the heart at each systole is 
increased. The increase in pulse rate shows that there are a larger 
number of systoles per unit of time. The changes induced by daytime 
conditions are, therefore, such as we should expect to find if ther 
were an increase in the volume flow of blood. 

There are two factors which are certainly of importance in raising 
the daytime levels. One of them is the effect of food, which has bee: 
shown by Weysse and Lutz to result in an increase in systolic pres- 
sure and pulse rate. The other factor is exercise. In Table 2 average 
are given from a group of ten normal persons under basal and day 
time conditions and after a shorter or longer period of exercise. 


TABLE 2.—Errect or Exercise on Bioop Pressure AND Purse Rate Lev: 
or NorMat INDIVIDUALS 


Conditions Systolic Diastolic Pulse Pressure Pulse Rate P. P P_R 


Basa! 108 65 3 * 210) 
Day time 121 77 » 4 74 26 
Short exercise 137 ee) 73 1 6329 
Longer exercise sees 18 22 126 1l4 1438 


There is another factor—excitement—which may have beet 
equally operative under both basal and daytime conditions. In Table 3 
daytime averages from a group of twenty-seven men who were not 
excited are compared with averages from a group of twenty-seven met 
who admitted that the examination excited them because they were 
afraid that something would be found which would prevent them going 
over with their regiment. 


TABLE 3.—Errect or ExctreMent oN THE Daytime Levets or Pressure AN 
Putse Rate iN NorMat INpDIVIDUALS 


Conditions Systolic Diastolic Pulse Pressure Pulse Rate P. P P.R 
» excitement 122 79 43 » 440 
Excitement 1M 89 65 v2 es 


hese three factors, food, exercise and excitement, all have their 
most marked effect on the systolic pressure and pulse rate. The 
measurement which is least influenced is the diastolic pressure. Food 
has little or no effect; exercise lowers it, and excitement increases it 
but it remains the most stable measure, so that in daytime observations 
on patients when all three factors are operative, an increase in diastol 


11. Weysse and Lutz: Am. J. Physiol. 37:330. 1915 
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pressure is likely to be of more significance than the same degree of 
increase in systolic pressure. 

The significance of any measurement which deviates from the nor- 
mal average depends on the variability or degree of dispersion of the 
normal measurements. This variability is given in the standard devia- 
tion. The relation between the actual deviation of the measurement 
and the standard deviation can be expressed in a concrete way as odds 
against the possibility that any normal subject would give as high or a 
higher level of pressure or pulse rate than the measurement in question 
A discussion of this statistical method will be found in a recent very 
complete study of blood pressure and pulse rate in children by Faber 
and James.** In Tables 4 and 5 the odds for a series of measurements 


for basal and daytime conditions are given. 


“ABLE 4.—Basat Conpitions. THe Opps TuHat a NorMat INpivipvAL UNper 


3aASAL ConpiTiIons Witt SHow as HiGH or a HicHer Lever 


oF Pressure AND Putse Rate as THose Given BeLow 





Sys Dias Pulse Pulse 
tolic Odds tolic Odds Pressure Odds Rate Odds P.P P.R. Odds 
118 1 in 4 88 1 in ) 48 1 in 6 7 1 in ‘4 00K 1 ir 7 
119 lin 2 s9 1 in 2 44 1 in 33 78 1 in l 2050 l 3 
120 1 in 6 oO lin # a lin 4 79 lin £2 3000 lit sy 
121 lin 44 1 lin 51 46 1 in 9 a0 lin & 3050 lin 4 
122 lin 5% y. iin 6 47 lin 8 81 lin 7% 3100 lin 58 
12% lin & x lin 386 45 lin 106 82 lin 106 3150 lin & 
14 lin 8&6 4 lin 112 49 lin 147 83 lin 147 lin & 
125 lin 104 + lin 147 ® lin 208 M4 lin 206 lin 104 
126 lin 141 96 lin 204 | lin 306 85 lin 38 lin 128 
127 lin 182 rd lin 270 92 lin 417 86 lin 435 3350 lin I 
8 lin 233 oS lin 385 lin 6 87 lin 666 3400 lin 201 
129 lin 313 w lin 526 4 lin 910 88 1 in 1000 3450 lin 2 
130 lin 417 100 lin 770 5 1 in 1430 SSO lin 32 
31 lin 555 101 1 in 1000 5 lin 41 
: lin 741 3600 lin 52% 
, +68 1 in 1000 EM) lin 66 
S700 lin 8 
3750 1 in 1111 


The odds given in these tables refer only to the normal, they can 
not be interpreted as odds in favor of abnormality. To know the latter, 
we should have to measure the standard deviation of the group of 
abnormals to which the patient happened to belong. However, for 
practical purposes of classification of cases it is permissible arbitrarily 
to decide that any patient whose pressure exceeds a certain level shall 
be regarded as “abnormal.” The choice of that level will depend on 
the nature of the work. It is sometimes desirable to have a standard 

narrow that all cases with a possible pathologic tendency to hyper- 
tension will be detected. Then a level at which the odds are that only 

ne normal out of, say, twenty-five would give as high a pressure may 
be taken. But at other times one may desire to separate a group of 


Faber and James: Am. J. Dis. Child. 22:7 (July) 1921 
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cases in which it is practically certain that there are no normals. Then 
a level at which the chances are that only one out of 1,000 normals will 
be so high may be selected as the dividing point. 

These statistical methods give no information as to the nature of 
the factor responsible for any unusually high pressure which may be 
found in a patient. If it is a daytime observation it may be the result 
of an abnormal susceptibility to purely external and evanescent causes 
such as food, excitement or exercise, rather than the inner and more 
lasting perversion of function we are accustomed to think of in con 
nection with hypertension. 


TABLE 5.—Daytime Conpitions. THe Opps THat a NorMat INpivipva 
Unper Daytime Conpitions Witt SHow as HicH or a HIGHER 
Levet or Pressure or Purse Rate as THose Given Be_tow 














Sys- Dias- Pulse Pulse 

tolie Odds tolie Odds Pressure Odds Rate Odds P.P. x P.R. Odds 
160 lin 2 v7 lin 23 74 lin 2% wm lin @ 6799 lin 2 
161 lin 26 os lin @ 75 lin 2@ 1 lin ® j lin 2 
162 lin 2® wn lin 3% 76 lin 3 14 lin 3 6900 lin 3 
168 lin 33 100 lin #2 Tt lin #0 16 lin 47 7000 lin 9% 
164 lin 38 101 lin 8 78 lin 47 106 «(Ulin 65% 7100 lin 45 
165 lin 4 1@” lin @ 79 lin % oy «6lin @ 7200 lin & 
166 lin 451 108 lin & sO lin 67 06 )«€6l in 6& 7300 lin ®& 
167 lin 588 104 lin 104 81 lin & 100 lin Wi 7400 lin 74 
168 lin «9 1065 lin 133 R lin #8 110 «€©1in 128 THO lin & 
160 lin 7 106 lin 170 88 lin 119 lll lin wi 7600 lin 14 
170 lin #1 107 lin 222 4 lin 145 112 lin 7700 lin 12 
171 lin 106 108 lin 2386 & lin 18 113 lin 2 7300 lin 147 
172 lin 12% 109 lin 385 86 lin 222 1l4 lin 323 790) lin 175 
173 lin 147 110 lin 300 87 lin 27 15 lin 416 8000 lin 2 
174 lin 175 111 lin 666 88 lin 333 116 lin 826 8100 lin 2% 
175 lin 207 112 lin 910 SY lin 417 117 lin 7i4* 8200 lin 303 
176 lin 2 113 1 in 1250 90 lin 526 118 lin 910 8300 lin 3&5 
177 lin 2 aus peousseoee 91 lin 666 119 «61 in 120 8400 lin 4% 
178 lin 345 g2 lin 834 wee be 8500 lin 588 
179 lin 417 98 ] ) ire 8600 lin 714 
180 2 a ee ee 8700 lin 833 
181 Se  dsauseubtebehees .  ~ eeateameinbaios 8800 1 in 1111 
182 lin 740 

183 lin #9 

1s 1 in 1111 


The striking difference between the averages of normal individuals 
under basal and daytime conditions are the clearest illustration of the 
necessity for uniformity in the conditions under which the observations 
are made. It is not possible to use the basal normal for the evaluation 
of pressures obtained in patients in the morning if they have been out 
of bed even for a moment. The normal values for daytime measure- 
ments cannot be taken as a standard for observations made on patients 
who are standing or sitting, or on those who have just walked up a 
flight of stars. The variability of normal blood pressure under such 


conditions is not known. 


1. IRRITABLE HEART 
The measurements on patients were carried out under the same 
basal conditions as were observed with the normal controls. The cases 
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vere in each instance tentatively diagnosed as cases of irritable heart 
ith the exception that a reservation was made in regard to the possi- 
ility of true hyperthyroidism. These cases were selected from a 
irger group on the following basis. The patients all complained of 
ne or more of three cardiac symptoms—dyspnea, palpitation, pre- 
ordial pain; one or more of the three symptoms of vascular insta- 
ility—dizziness, flushing, fainting, and, in addition, they gave some 
evidence of general nervous instability. In the great majority of cases 
these symptoms antedated enlistment, and often dated back to child 
ood. Persons presenting these symptoms following some infectious 
lisease were excluded, and in none could a diagnosis of organic cardiac 
lisease be made. In almost all cases, tachycardia and tremor were 
present at one time or another. The hands were usually cyanosed, 
old and clammy. These patients thus seemed to belong to what has 
en called the constitutional type of irritable heart, or neurocircula- 
tory asthenia. Basal pressure and pulse rate measurements were made 





on 138 of these patients. In Table 6 the averages, standard deviations 
and frequency distributions are given. 


ABLE 6.—Basat MEASUREMENTS ON PATIENTS PROVISIONALLY DIAGNOSED 
AS “IRRITABLE HEART” CASEs 














Averages 
— _ — —_—_— —_———— -»— —_————___—_—__ _ — — 7 
Systolie Diastolic Pulse Pressure Pulse Rate P.P. x P.R 
105 72 33 Les) 145 
Standard Deviations 
Systolic Diastolic Pulse Pressure Pulse Rate P. P P.R 
+118 +10.9 +9.0 +8.9 +706 
Coefficients of Variation 
- ———$ —$ A — —— _ — = 
Systolic Diastolic Pulse Pressure Pulse Rate P.P. x P.B 
11% 15% 27% 14% 3 
Frequency Distributions 
— 7 - —- A. — —— ——__—__ — = —— 
Systolic Diastolic Pulse Pressure Pulse Rate P. P P.R 
- ' —, rc An ere —eianineenaliin A —= 
Per Per Per Per Per 
Cl. Int. Cent. Cl. Int. Cent Cl. Int. Cent. Cl. Int. Cent Cl.Int Cent. 
SO 4 31- 40 1 11-20 16 37-44 1 100- 999 2 
s1- 9 11 41- © 21-30 47 45-52 12 1000-1999 4 
1-100 30 51- &@ 12 31-40 °6 3-40 28 2000-29099 35 
110 30 61-— 70 37 41-50 o 61-68 3h 3000-3999 R 
1-0 21 71- 80 34 51-60 l 60-76 12 4000 4999 1 
130 4 Sl- 9 11 ee ve 77-84 6 
91-100 2 beseee ee 85-92 3 
101-110 1 


The average level of all the measurements on the patients is slightly 
gher than the basal averages for normals given in Table 1. The 
greatest increase is in the P. P. & P. R. product. In this case the 
fference is statistically significant, for when the “probable difference 
etween the averages” is determined the odds are found to be about 64 
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to 1 against the possibility that the increase from 1,764 for the normals 
to 2,145 for the patients can have arisen simply as the result of chance. 
It would appear, then, that some factor not operative in the normal 
cases had increased the P. P. & P. R. This might have been the 
inclusion of some cases of hyperthyroidism or the same difference 
might be due to a greater nervous excitability in the patients. But 
whatever the cause may have been, it is evidently of relatively slight 
importance, since all but 1 per cent. of the observations on patients fall 
within the range of variation of the normal. It seemed to us to be of 
particular significance that patients whose condition during daytime 
examinations showed so many points of resemblance to hyperthryroid- 
ism should in the early morning, under basal conditions, give evidence 
of an inactivity and quietude of the circulatory system which seemed 
inconsistent with the hypothesis of a state of continuing metabolic 
activity, such as exists in hyperthyroidism. It is true that in individual 
cases we were sometimes still in doubt, but the important question at 
the time was one of group diagnosis; and the fact that a normal basal 
product, as well as a normal basal pulse rate, was found in practically 
all these patients was of aid, in conjunction with other evidence, in 
leading us to reject a diagnosis of hyperthyroidism for this group of 
patients. At a later date Peabody, Wearns and Tompkins ** showed 
the correctness of this conclusion by demonstrating that patients of this 
type, many of whom had been diagnosed as having hyperthyroidism, 
had an entirely normal rate of basal metabolism. 

An increase in the P. P. & P. R. product may be found in patients 
in whom there is no reason to suspect any increase in the rate of 
metabolism. This is shown in the daytime measurements given in 
Table 7. 


TABLE 7.—Daytime MEASUREMENTS SHOWING INCREASE IN P.P & P.R. Propuct 








Conditions Systolic Diastolic Pulse Pressure Pulse Rate P.P.x P R 


Normals. ......0+0..00. 127 7 5 8 3980 
Patients. cece 199 113 77 79 6083 





The patients were nineteen middle aged or old people who had 
hypertension. They were unselected cases, except that those with 
cardiac decompensation or advanced renal disease were excluded. 
There were no indications whatsoever of any increased metabolic 
activity, rather the reverse. Yet their P. P. & P. R. product is 
markedly increased, but it is an increase due to a rise in only one factor 
of the product, the pulse pressure. Furthermore, it has been shown 
that any decrease in the elasticity of the large vessels between the heart 


13. Peabody, Wearn and Tompkins: Med. Clin. N. America 2:507, 1918 
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nd the brachial artery will result in an increase in pulse pressure 
ecause the pressure will rise higher at each systole, if the vessels are 
rigid than if they give way to some extent when the blood is forced 
to them by the heart.*. Hence, when a product is found to be high 
only because of an increase in pulse pressure it would be well to suspect 
e presence of an inelastic aorta, rather than an increased output of the 
heart. 
Daytime measuremer 


’ its were also made on 156 patients who were 


believed to have an irritable heart. This group includes the 138 per- 



































s whose basal pressures and pulse rates were obtained. The 
erages given in Table 8 are derived from 580 observations 
TABLE &.—Daytime MEASUREMENTS ON PATIENTS PROVISIONALLY 
DIAGNOSED AS “IRRITABLE Heart” CAses 
Averages 
Systolic Diastolic Pulse Pressure Pulse Rate P.P. x P.B 
l 75 55 85 4680 
Standard Deviations 
Systolic Diastolic Pulse Pressure Pulse Rate PP PB 
+18.5 + 11.5 +17.5 +13.4 +1982 
Coefficients of Variation 
Systolie Diastolic Pulse Pressure Pulse Rate P. &. P.R 
4% 15% 2% 10% 43% 
Frequency Distributions 
Systolic Diastolic Pulse Pressure Pulse Rate P. P. P.R 
A —_-_-~ -_-—, 
Per Per Per Per Per 
Cl. Int. Cent. Cl. Int. Cent. Cl. Int. Cent. Cl. Int. Cent Clint Cent. 
so 0 l- #0 1 ll- ®» | S7- 44 Oo 990 
S1- # 0 41l- ® 2 21- 30 7 45- 52 1000- 1999 2 
5 5l- & 10 31- 0 17 53- 60 2 000- 2900 «213 
8 61- 70 26 41- © 27 61- & Ss 3000- 3909 «= 28 
21 7Tl- 36 51- 20 ty 76 22 4000-4909 BB 
27 S1- @ 21 61- 70 15 77- & 23 5000- 5908 «i165 
18 91-100 4 7l- & 6 85- 92 2» 6000- 6999 «i100 
10 101-110 1 S1- 9 4 98-100 14 7000- 7909 «6 
6 111-120 0.2 91-100 2 101-105 7 8000- S999 3 
161-170 3 101-110 1 100-116 5 9000-9999 2 
71-180 2 111-120 0.2 117-124 1 10000- 10009 1 
51-19%) 0.4 121-130 0.2 125-132 1 11000-11999 0.4 
71-200 2 +q$§|®= peciveiecsesss i $sebreuseouen oe 12000-12999 0.2 
13000-13999 0.2 





The averages show a little increase in systolic pressure and pulse 


ite as compared with t 


ressures and P. P. 


he normals 


131 as compared with 127. 


T 


“here 


also a somewhat greater variability in systolic, diastolic and pulse 


P. R. in the patients as compared with the con- 


But these differences are slight. This is of interest since it will be 





hown in the next paper that a marked variation from the normal can 
demonstrated in this group of patients under conditions which 


pose a strain on the cardiovascular system 


HYPERTENSION IN YOUNG MEN 


In eighteen soldiers between 21 and 31 years of age a systolic pres- 
of 1 


re more than 150 was found on repeated daytime examinations 
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These cases are briefly reviewed here because a comparison of their 
basal and day measurements brought up a point which may prove to be 
of some importance. They can be separated into four groups in accord- 
ance with the conditions associated with the hypertension. 

The first group comprises six cases in which no other evidence of 
disease than the hypertension was found. The following is a summary 
of the record of the only case in this group in which cardiac enlarge 
ment was found. 


Case 1.—Sa., aged 26; no complaint. 

Mother died of heart disease. Measles and diphtheria in childhood. Pneu 
monia when 8 years old. 

Six months ago, while doing heavy work in France, he became breathless 
on exertion. He reported for examination, and has been kept on light duty 
since then. Neither before nor since that time has he had any complaint. 

The heart appeared to be enlarged and this was confirmed by roentgen-ray 
examination, which showed an increase in the transverse diameter. There 
was a systolic murmur best heard over the aortic area and audible in the neck 
There was no thrill. The Wassermann was negative. 

After restriction of fluids the night urine had a specific gravity of 1.025 on 
one occasion, and 1.030 on another. No albumin or casts were found. Phenol! 
sulphonephthalein excretion was 80 per cent. in two hours and ten minutes 
after intramuscular injection. 

Ophthalmoscopic examination showed a greater tortuosity than usual ir 
the retinal vessels, but no thickening of the arteries. 


TABLE 9.—Basat anp Daytime Pressures AND Putse RATES ON 
Hypertension Cases Not AssociaATED WITH 
Any Dtscoveraste DIseAsE 








Basal Daytime 
ae A. 





Sys- Dias- Pulse Pulse P. P. x Sys- Dias- Pulse Pulse P.P 
Name tolie tolic Pressure Rate P. R. tolie tolic Pressure Rate P.R 


BS, coveocee 170 105 65 64 4160 223 115 108 96 10380 
Bee cccccese BD 90 » 96 4800 155 80 75 122 915 
Wecccccese BS 77 56 80 4480 164 78 86 98 8000 
Be coscces 118 73 “6 8 3800 164 9” 65 91 5e10 
Sto. ....... 130 sO 50 6 3000 156 90 66 91 6006 
Stoe....... 19 5 35 & 2100 168 a) 73 86 6278 





The second group includes eight patients. who were all typical 
instances of constitutional neurocirculatory asthemia. The record ot 
the patient Ta is characteristic of this group. 


Case 2.—Ta., aged 28; complains of dyspnea, palpitation, precordial pai: 
dizziness, frequent fainting and extreme “nervousness.” Duration, twelve yeat 
or more. 

His father is very nervous. His mother is subject to fits. His sister has 
heart trouble. 

The only serious illness he remembers is typhoid fever when he was It 
years old. 

He has never been able to do hard work. While he was in Italy he wa 
three times drafted into the army, but each time he was discharged on account 
of disability. 
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The heart showed no evidence of enlargement. 


There was a faint systolic 
murmur at the apex. 


The pulse rate was always regular, but usually rapid 
The hands were often blue and cold and there was a marked tremor. 
was no enlargement of the thyroid or protrusion 
tained no albumin or casts. 


There 


f the eyes. The urine con- 








TABLE 10.—Basat anp Daytime Pressures AND Putse Rates oN 
HYPERTENSION CASES ASSOCIATED WITH NEUROCIRCULATORY 
ASTHENIA (IRRITABLE HEART 
Daytime 
—— — —— A —— —— — ——E —— - — — 
Sys Dias- Pulse P.P Sys Dias Pulse P.P 
Name tolic tolic Rate Pp tolie tolic Pressure Rate P.R 
la 125 70 so 4400 1a 91 69 M 6490 
R 135 98 72 3024 158 106 52 v6 4980 
sch 130 110 “4 75 106 69 124 Soo 
0 120 70 & 154 72 s » 730 
Fr © 120 » 72 157 ss ww 83 720 
Greenw 113 a 33 72 177 97 ~h) » T2000 
Greenb 110 80 30 72 162 or 66 , 6308 
The third group contains two cases associated with active pyogenic 


fection. 


had experienced some shortness of | t nd palpitation on 


symptoms had been greatly aggravated 
llowing a mastoid and frontal sinus infection from which he was still suffering. 
Case 4. 


reatn a 


xertion two years before, but these 


-Ch. also complained of most of the symptoms experienced by the 
rritable heart group, but he had a pronounced infection of the urinary tract 
issociated with evidences of renal decompensation. His urine contained much 
1s and was always of low specific gravity even after restriction of fluids. His 
henolsulphonephthalein excretion was 15 per cent., two hours and ten minutes 
fter intramuscular injection. After injection, 8 per cent. 

reted in sixteen minutes from the left kidney and none from the right. 
vas seen coming from both ureters. N 


intravenous was 


Pus 





» tubercle bacilli were found 

















ABLE 11—Basat anp Daytime Pressures anp Putse Rates on Hyper 
TENSION Cases ASsoOcIATED WITH Pyocentc INFECTIONS 
Basa! Daytime 
Dias- Pulse Pulse P. P Sys Dias Pulse Pulse P.P 
Na tolic Pressure Rate P.R tolic tolic Pressure Rate P.R 
* 45 6s 20D 17 108 14 4 om 
os 67 68 $556 160 r “~ ih 7040 
In the I: = ee — s+} Wvanced Bright’s disea 
n the last group tnere are two Cases WItN acgvance TIL S aiseast 
Case 5 R. was 21 ears old He cor lained t occas al adache 
He had scarlet fever when a child. Two years ago his ankles were swolle 
painful for some weeks, and a year ago there was a recurrence of this 
lition 
There was a diffuse retinitis in both eyes. The urine tained a moderate 
int of albumin. The specific gravity never rose above 1.016 in spite of fluid 
triction. The sediment showed coarsely granular and highly refractile casts 
f them three t ur times broader than the sual cast. Only a trace 
henolsulphone alein was excreted. The bl entrat was 
ng. per hundred 
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Case 6.—C. also complained of occasional headaches. His urine contained a 
moderate amount of albumin, and the sediment showed a fair number of blood 
casts. The phenolsulphonephthalein excretion was 25 per cent. in two hours 
and ten minutes. 


TABLE 12.—BasaLt anp Daytime Pressures AND Putse Rates oN Hyper- 
TENSION CAsEs ASSOCIATED WITH ADVANCED BriGHTt’s DISEASE 

















Basal Daytime 
_ — —— ———————— ee — 
Sys- Dias- Pulse Pulse P. P. x Sys- Dias- Pulse Pulse P. P 
Name tolie tolic Pressure Kate P. R. tolic tolic Pressure Rate P. R. 
R ‘ 169 118 51 60 3060 173 123 SO 69 3450 
Gre eee 148 1% 28 59 1662 167 107 6 66 3960 


Only a few of the basal measurements on these patients would have 
been regarded as unusual if the low average pressure and narrow range 
of variation of normal individuals had not been known. But taking all 
these figures together, the average systolic pressure in the early morn- 
ing is 32 mm. above the normal basal average as compared with a day- 
time systolic pressure 40 mm. in excess of the normal daytime average. 
As a whole, then, these hypertension cases, selected because of their high 
daytime systolic pressures, still showed hypertension in the early morn- 
ing when the pressor stimuli of the day were no longer in action. The 
point, however, which seems to me to be of special clinical significance 
is the wide variation in the degree of reduction of pressure during the 
night shown by the different individuals of this series. The first case in 
Group I and the two nephritic cases are distinguished from the others 
by the relatively slight decrease of pressure in the early morning and 
especially by the maintenance of high diastolic pressures. In a large 
series of cases it might be possible to distinguish two types of hyper- 
tension, one in which there is a pronounced fall in pressure under basal 
conditions and another in which the decrease is only slight. It is true 
that such a distinction would be one of degree only and would not 
necessarily depend on any difference in etiology. But from the point of 
view of prognosis it is surely of importance. In the patient Greenw., 
for instance, the average daytime pressure of 177 systolic and 97 
diastolic will be more easily borne than the systolic of 167 and the 
diastolic of 107 in the patient C. with Bright’s disease, because in the 
first case the cardiovascular system is rested each night by the fall to 
the basal levels of 113 and 80, whereas in the renal case there is no 
remission, and the heart has continually to work against a high diastolic 
pressure. 

SUMMARY 


1. The blood pressure and pulse rate of normal persons were mea- 
sured under what are called basal conditions, i. e., in the early morning 
before the subjects had risen from bed or taken food. These results 
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ire contrasted with similar measurements on normal persons under 


what are called daytime conditions, i. e., at any time during the day 
after the subjects had risen from bed and had had food, but in all cases 
n the recumbent position and with the exclusion of those who had 
recently undergone any muscular exertion, such as stair climbing or 
lrilling. The averages obtained are shown in Table 13. 


TABLE 13.—Averaces or Putsi 


Conditions Systolic Diastolic 
Basal oeees _ vy r 
Day time..... 127 78 


2. The variability of normal basal 
rates is defined by statistical methods 
clinical work are given. 


PRESSURE AND PULSE RATE 


Pulse Pressure Pulse Rate P. - P. R. 
28 63 7 


1764 
5O 80 3980 


and daytime pressures and pulse 
and probability tables for use in 


3. The significance of the difference between basal and daytime 
pressures and pulse rates is discussed, and data on the influence of 


exercise and of psychic disturbance on pressure and pulse rate levels 


are given. 


4. Measurements of basal and daytime levels were made on patients, 


and the deductions which may be drawn from comparison with the 


normal data are discussed. 
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Books of this type are intended for the medical student and the genera! 
practitioner. They have a certain value and are a type of reference a bus) 
and perplexed practitioner will most readily consult. This text will appeal because 
it deals largely with the atypical forms and symptoms of various diseases 
These are given in considerable detail. A brief résumé of the normal train 
of symptoms of a given disease precedes the description of the atypical forms 
This should prove a valuable feature of the book. Differential diagnoses are 
generally only mentioned. It is obviously difficult and probably hardly intended 
that a text of this kind should cover any subject in detail. Its function is 
limited and chiefly lies in the fact that it serves as a quick reference and that 
it emphasizes the unusual features of a given disease. The frequent allusions 
throughout the book to other sources of reference should prove very helpful 


THE EVOLUTION OF DISEASE. By Pror. J. Danysz. Translated by 
Francis M. RacKkeMANN, M.D. Philadelphia: Lea & Febiger, 1921. 


The subtitle of Professor Danysz’ book, which is “A Discussion of the 
Immune Reactions Occurring in Infectious and Noninfectious Disease. A 
Theory of Immunity, of Anaphylaxis and of Antianaphylaxis,” indicates, in a 
general way, the scope of the subject matter. In effect, it is an argument for 
the selective rather than the specific action in the process of immunity and 
anaphylaxis. Throughout most of the book the reviewer follows the argument 
with considerable interest. As long as the discussion is largely theoretical, 
in spite of the fact that it is an illustration of special pleading, and that it 
is somewhat involved with specialized terms, the argument is somewhat con- 
vincing. The effect of the illustrative cases reported by Professor Danysz. 
many of which are tactfully omitted by the translator, is, however, to shake the 
confidence in the earlier theoretic discussion. The results from the administra- 
tion of a bacterial vaccine derived from certain bacteria of the intestinal flora 
in a wide variety of conditions, including neurasthenia, psoriasis, and asthma, 
are too strikingly successful. It should be stated, however, that Danysz par- 
ticularly emphasizes the fact that the successful issue in these cases is not 
dependent on the theoretical assumption of any specific therapy, but depends 
rather on the theoretic assumption of a‘selective action of these bacterial 
antigens. Furthermore, Danysz does not believe that these conditions are due 
to any of the components of the bacterial antigens. The book represents an 
interesting speculation on the nature of the obscure processes of immunity and 
anaphylaxis, rather than the record of scientific achievement, or of ‘sound 
application of the theory. 








